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THE ENTRANCE TO DURBAN HARBOR, NATAL, has 
been increased in depth over the bar from 10 ft. 7 ins. in 
1888 to 21 ft. 2 ins. at low water. This work has been 
done under the direction of Mr. C. W. Methven, M. Inst. 
Cc. E., and Chief Engineer of the Natal Harbor Works, 
says the ‘‘Natal Advertiser.”” The increase in depth on 
this sand bar has been brought about by entrance works 
designed to concentrate the scour of the tidal waters on 
the bar, and by the use of sand pump dredgers. The 
plans of Mr. Methven were endorsed by Sir Charles Hart- 
ley and Sir John Wolfe Barry, and they called for pier 
extensions in the form of jetties to direct the tidal flow, 
dredging on the bar where necéssary, but the reduction 
of this dredging to a minimum so as to leave the dredgers 
to work in the inner bay and thus increase the volume 
of water entering and leaving the inner harbor. Since 
1888 Mr, Methven has expended about $3,000,000 on this 
harbor work, including wharves, quay walls, sheds and 
appliances for handling cargoes, as well as the outer works 
on the bar. The two sand dredgers have suction pipes 
40 ins. in diameter, and are capable of lifting and carry- 
ing to sea from 7,000 to 8,000 tons of sand per day. In 
1sv8- 879,600 tons were dredged from the bar, but since 
Noy. 2, 1899, there has been no dredging on the bar itself. 
Vessels of 23 ft. 5 ins. draft can now enter the harbor at 
high water. The ‘Advertiser’? regrets to note that Mr. 
Methven has been sacrificed to the exigencies of local 
politics, but it hopes, now that the value of his long 
service is realized, that his claims for recognition may 
not be overlooked by the Imperial authorities, 


THE LAKE ST. CLAIR-LAKE ERIE CANAL PROJECT 
in which interest is revived, calls for a canal 13% miles 
long through low-lying land, with the underlying rock 
more than 20 ft. below the bottom of the deepest cut. A 
uniform depth of 21 ft. is proposed, with a canal 156 ft. 
wide on the surface and 72 ff. wide on the bottom. This 
canal would enable vessels to avoid the fogs, shoals and 
rapid current of the Detroit River, and would afford a 
Straight course from the St. Clair flats canal, through 
Lake St. Clair to Lake Erie. The course would be un- 
impeded by locks, and a speed of 6 miles per hour could 
be maintained, The saving in distance by the canal 
would be 79 miles, between the foot of the St. Clair flats 
canal and an offing in Lake Erie. In time the saving 
would be six or seven hours. No estimate of cost is 
Siven, but the promoters of the canal claim that there 
would be a net saving of $1,000,000 per year on the 40,- 


000,000 tons of freight now annually passing through the 
Detroit River. 


THE PROPOSED CANAL from Newtown Creek to 
Flushing Bay, on Long Island, was planned to be 200 ft. 
wide and 20 ft. deep, and was to provide a waterway for 
vessels of moderate draft from the East River to Long 


Island Sound, without going through Hell Gate. The 
project has been in fhe hands of the Board of Public 
Improvements of New York city and has been strongly 
advocated by Mr. Henry S. Kearney, Commissioner of 
Public Buildings, Lighting and Supplies, backed by a 
majority of the Board. Mr. F. W. Bowley, President of 
the Borough of Queens, noticed a suspicious activity in 
real estate along the banks of the proposed canal, and the 
revival of a franchise in perpetuity for the Newtown & 
Flushing Canal Co., obtained from the legislature in 1898 
Mr. Bowley raised the point that under this charter the 
canal company might virtually take possession of the 
canal after the city had built it, and he succeeded in de- 
laying the official adoption of the plan of the eanal, He 
moved that the city condemn and purchase 150 ft. on each 
side of the canal when built, and on the adoption of this 
provision, on July 10, he withdrew his opposition. It now 
appears that the map then approved provides for the pur- 
chase of the most expensive land only and neglects to 
give the city possession of land which might be bought at 
a low figure; and Mr. Bowley is again protesting to the 
Board of Public Improvements. 


THE PROTECTION OF GALVESTON, TEX., has been 
submitted by the City Commissioners to a board of engi- 
neers for investigation and report. This board is made up 
of Mr. Alfred Noble, M. Am. Soc. C. E.; Gen. H. M. 
Roberts, Corps of Engineers, U. S. A., Retired, and Mr. 
H. C. Ripley, M. Am. Soc. C. E. 


MAGNETIC IRON-ORE CONCRETE, for marine con- 
struction, is suggested by a writer in ‘‘Nature.’’ He points 
out that if magnetite is substituted for broken stone, and 
magnetic sand or ilmenite sand for common sea sand in 
combination with cement, the resultant blocks would 
weigh twice as much as ordinary concrete, with all the 
strength of concrete. The increased resisfince against 
wave action would compensate for any additional cost. 


THE NINTH INTERNATIONAL CONGRESS of Navi- 
gation is to be held at Dusseldorf, Germany, in June, 1902. 
As delegates to this congress the President appointed on 
Dec. 6 Lieut.-Col. Charles W. Raymond, Corps of Engi- 
neers, U. S. A.; Mr. B. M. Harrod, Past-President Ameri- 
can Society of Civil Engineers and Member of the Mis- 
sissippi River Commission, and Mr. John Bogart, M. 
Am. Soc, C. E. 


A RETURN TO STEAM LOCOMOTIVES is to be made 
by the Pennsylvania R. R. on a seven-mile branch from 
Burlington to Mount Holley, N. J., which was equippea 
with electricity in 1895. The power house supplying 
current to the line was burned a short time ago, and it 
is now announced that it will not be rebuilt, but the line 
will hereafter be operated by steam locomotives. 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week was a butting collision between a passenger train 
and the St. Louis fast mail, on the St. Louis, Iron Moun- 
tain & Southern Ry., near Malvern, Ark., on Dee. 5. 
Three persons were killed and over 30 injured in the 
wreck, The cause of the collision could not be learned. 


> 


TIE-RENEWALS AND TIMBER SUPPLY are being 
taken up for consideration by the Committee on Ties, of 
the American Railway Engineering and Maintenance of 
Way Association. An endeavor is being made to institute 
a uniform style of record, and special blanks in tabular 
form have been prepared and distributed for the collection 
of statistics as to (1) tie-renewals, (2) life of ties, (3) treat- 
ed ties, and (4) a comparison between different kinds of 
wood. It is pointed out that in course of time the records 
as to life of ties will be very valuable, and that they can 
easily be kept in the form suggested. The committee has 
also decided that in view of the growing scarcity and in- 
creasing prices of timber for ties it is desirab.e to attempt 
to secure some information as to the probable tie-supply 
of the country. It is realized that the subject is a diffi- 
cult one, and that the results will be of problematical 
value, but there is no doubt as to the desirability of ob- 
taining information on this point, if possible. This in- 
vestigation, if it is to be of any value, must extend over 
a number of years, but a commencement has been made 
by sending out special enquiries as to the following points: 
(1) Materials used and source of supply; (2) Changes in 
specifications; (3) Renewals with ties from outside sources 
(not cut along the line); (4) Supply of tie timber still 
available on individual lines; (5) Supply of inferior tim- 
bers in country tributary to these lines. Copies of the 
enquiries and of the tabular blanks for tie records may be 
obtained from the Secretary of the association,-Mr. L. C. 
Fritch, 1562 Monadnock Block, Chicago, III. 


THE YALE SCHOOL OF FORESTRY has divided its 
senior class into two sections, and has sent one of these 
sections to a lumber camp in Maine and the other to a 
similar camp in Pennsylvania. Each section must spend 
three weeks in studying lumbering methods and each 
student must report his observations. 


THE GRAND RAPIDS WATER CONTRACT SCANDAL 
has resulted in convicting a former city attorney of 
bribery. Some months ago a huge contract for a water 
supply from Lake Michigan was authorized by the city 
government. Its execution was prevented by the Mayor, 
who showed that the contractors had made false repre- 
sentations regarding alleged financial backers in New 
York city. Later the city attorney was charged with 
having accepted $75,000 for assistance in carrying through 
the proposed contract. After a long, sensational trial a 
jury has just declared the man guilty. It is said that an 
appeal will be taken. Not long ago the city received 
new bids for a supply, but at latest accounts an award 
had not been made. It is alleged that these bids are all 
illegal. 


PROPOSED ASPHALT CONTRACTS IN NEW YORK 
have been temporarily enjoined. It is alleged, as a ground 
for the injunction, that the specifications were drawn in 
the interests of the National Asphalt Co., and so ag to 
prevent all competition. According to the New York 
“Tribune,”’ Mr, De Lancey Nicoll, counsel for the Na- 
tional Asphalt Co., has issued a statement denying in 
detail that the specifications are in the interests of his 
company. He says that as the specifications now stand 
they admit any refined asphalt which possesses “35% of 
bitumen.’” A large part of Mr. Nicoll’s statement is 
designed to show that the present specifications are no 
more designed to throttle competition than those in use 
under the Strong administration, a proposition that does 
not necessarily have any bearing upon the contentions of 
those who sought the injunction. 


THE CENTRAL ASPHALT AND REFINING CO. has 
about completed its plant at Port Neches, not far from 
Beaumont, Tex. The Vice-President, Mr. W. W. Tal 
bert, of Memphis, says that the capacity of this plant is 
3,000 barrels of asphalt per day, using for this output 
7,000 barrels of Beaumont oil of 44% asphalt. The so- 
called G. F. Culmer process will be used, and the product 
is to be absolutely pure asphalt, which will not melt un- 
der 248° F. It is to be especially adapted for paving 
material. U. S, Senator Chas. A. Towne is the President 
of the concern and the capital stock is $250,000. 


790 TONS OF BASIC IRON IN 24 HOURS ts a new 
world’s record for blast-furnace production, made on 
Nov. 20 by No. 3 furnace of the Carrie Group of the Car- 
negie Steel Co., at Rankin, Pa. The next best record is 
59 tons less than this, made by one of the Duquesne fur- 
naces of the same company. The No. 3 Carrie furnace is 
one of two planned for a minimum output of 700 tons per 
day. These furnaces are 100 ft. high, 23 ft. diameter in 
the bosh and each has 12 tuyeres. On Nov. 20 the fur- 
nace was working on non-Bessemer ore ranging from 62 
to 58% iron and 0.1 phosphorus. One cast required 10 
ladles and yielding 168 tons, and a cast was made every 
four hours. During the 24 hours the total of 2,270 tons 
of material charged was made up of 1,450 tons of ore ana 
cinder, 660 tons of coke and 160 tons of limestone. The 
average cast netted 115 tons, and 1,871 Ibs. of coke made 
one ton of iron, says ‘‘The Iron Trade Review.” 


+ 


A TUNNEL CONNECTING NORFOLK AND PORTs- 
mouth, Va., and passing under the Elizabeth River, is be- 
ing promoted by Mr. H. L. Page, of Norfolk, and a bill 
looking toward its construction will be placed before the 
next Virginia Legislature. The estimated cost of the 
proposed tunnel is about $1,000,000, and it seems to be 
planned for both a roadway and railway purposes. 


> 


THE STRAIT OF CANSO BRIDGE CO. is applying to 
the Dominion Government for a charter. This company 
proposes to erect a combined railway and highway sus- 
pension bridge across the Strait of Canso, from Port Hast- 
ings to Cape Porcupine, and to build connecting lines of 
railway. No detail of the work is given other than to 
state that the main span would be “‘at least’’ 1,000 ft 
and that the estimated cost is $4,000,000. 


> 


THB YUKON TELEGRAPH CO. reports that ifs line is 
now carried to a point 40 miles north of Dawson City, to 
Fort Egbert. This line has cost the Canadian government 
about $500,000; Mr. Charleston had charge of con- 
struction for the Canadian government, and General 
Greeley assisted in the construction of the part passing 
through American territory. 


> 


THE PNEUMATIC DYNAMITE GUN mounted at Hilton 
Head, S. C., was officially tested on Dec. 8. Bight pro- 
jectiles loaded with from 50 to 200 Ibs. of explosive gela- 
tine were fired on a range of 6,000 yds. Of these six 
exploded on impact and two fitted with time fuses ex- 
Ploded at such a depth below the surface as not to be 
noted—if exploded at all. Five dummy projectiles in a 
speed test were fired in 10% minutes, instead of 20 min- 
utes, as required by the government, and 40 air shots 
were successfully made in an endurance test. This gun 


was made by the Pneumatic Torpedo & Construction Co., 
of New York. 


AND 
Vol. XLVI. No. 24. 
4 = 
— 
3 
B 
re 4 
¢ 
h 
————-—- fi 
| 
rv 
n- 
h 
} 
es 
ted 
| 


442 


ENGINEERING NEWS. 


LEARING AND ENLARGING THE SPOT POND STOR. 
AGE RESERVOIR, METROPOLITAN WATER SUPPLY. 
By Caleb Mills Saville, M. Am. Soc. C. E.* 


When the Metropolitan Water Board of Mas- 
sachusetts decided to use Spot Pond as a storage 
and distributing reservoir for the supply of the 
district north of Boston, it became necessary to do 
considerable work to bring the basin to the stand- 
ard of modern sanitary requirements. 

The pond had previously been used as a source 
of water supply by several of the neighboring 
municipalities, but during the dry seasons exten- 
sive shallow areas in the northerly portion had 
been a great detriment. 

Previous to 1899, when this work was begun, 
the pond when full had a water surface of about 
296.acres, which was approximately 154 ft. above 
low water in Boston Harbor, and its available 
capacity was estimated as 750,000,000 gallons. 
Since its improvement the area of the water sur- 
face is 309 acres, its elevation above low water 
163 ft., and its available capacity about 1,800,- 
000,000 galions, with a depth of 21 ft. over the top 
of the inlet conduit. 


With a rise of 9 ft. in the elevation of its sur- 
face, a gain of 1,050,000,000 gallons has been ob- 
tained in its available capacity; and by the 
thorough cleaning its bottom and shores have re- 
ceived, the pond is now in excellent sanitary con- 
dition. The plan of utilizing Spot Pond as a part 
of the distribution system of the Metropolitan 
Water-Works, included the abandonment of the 
#reater part of its drainage area, and the use of 
the pond as a storage and distributing basin only. 

The water for the new pond is now pumped 
from Chestnut Hill reservoir, which is supplied 
from the new Nashua River source at Clinton, 
and from the old Sudbury and Cochituate 
sources of the City of Boston, which the Metro- 
politan Water Board acquired. Upon the comple- 
tion of the reservoir in Weston, now planned by 
the Water and Sewerage Board, and the aqueduct 
now under construction from the Wachusett res- 
ervoir to Weston, it will be possible to deliver 
water into Spot Pond by gravity. 

As Spot Pond is one of the principal features of 
the Middlesex Fells, the State park north of Bos- 
ton, great care and considerable expense was de- 
voted to making the new basin harmonize with 
its natural surroundings. With this in view, 
Messrs. Olmstead Bros., who are in charge of the 


*Division Engineer, Distribution Department, Metropoll- 
tan Water and Sewerage Board, Boston, Mass. 


landscape work of the Metropolitan Parks, were 
engaged in an advisory capacity, and so far as 
possible their recommendations regarding land- 
scape effects were followed. 

The improved pond, shown in plan by Fig. 1, is 
about 1% miles long and 4-mile wide. It has a 
shore line of about 4% miles. While it is not 
possible to drive close to the water edge the entire 
distance, it is encircled by a carriage road abou. 
3.7 miles in length, from which most delightful 
views of the pond and its wooded shores may be 
had. A view of the northern end of the pond, 
cleaned and ready to be filled, is shown by Fig. 2. 

One of the first things done was to cut the 
trees from the shore to a point above the new 
high water line. Some portions were heavily 
wooded, principally with beech, birch, oak and 
pine. About 1,000 cords of marketable-sized wood 
were cut, corded and sold, while the remainder, 
together with the stumps, roots and brush, was 
burned. Trees of small size were cut with an axe, 
while those of larger size were grubbed about 
their roots, a tackle fastened in the tree top and 
to the butt of a nearby tree, and then the tree to 
be removed pulled down by 20 or 30 men at the 
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inhabited areas, was constructed; ace 
chambers and inlets of considerab)-< 
with the most approved apparatus to = a 
cally caring for the water supply, wy. 

Six of the dams had masonry cor. a 
ing to solid rock, while the remainin. pa i 


the rock was at too great a depth to 
cally uncovered, were built of selec. 
excavated from the pond. Of the | ‘a 
had cores built of very fine sand, 5; 
was not available, of a coarser san 7 
mud. Typical sections of the dams 4, 


Fig. 4. One of these earth dams |, ee 
of 1,200 ft., and another was about an ; 
with a maximum depth of 27 ft, \\ Bis 


the work mentioned above was done } 
one portion, on the southerly and we- 
and including two islands, was done | 
The labor, teams and tools for thi- 
furnished by a contractor for cost ; 
profit. The shores of this section w. 
rocky, and had great quantities o; 
large boulders scattered about, unde: 
which was a large amount of soil ©) 
ganic matter which it was desira}h)] 


end of the rope. After clearing off the wood, the 
shores were stripped of loam and soil containing 
organic matter, from about 2 ft. above to about 
23 ft. below proposed high water. The water in 
the pond was drawn off as low as possible without 
pumping, and the work of excavation and filling 
was done by methods employed on dry land, 
rather than by dredging and filling under water. 
In some places, even when exposed by the draw- 
ing down of the water, the depth of the mud was 
such that it was not deemed economical to remove 
it all. In such places so much was removed as 
would leave its surface at least 16 ft. below water 
level, and then-it was carefully covered with 
about 12 ins. of clean gravel or sand. Work of 
this sort in progress is shown by Fig. 5. The 
material excavated from the shores and bottom 
was used in filling, the greater part on the low 
land at the northerly end of the pond. A con- 
siderable quantity was used in raising an exist- 
ing island near the center of the pond, and in 
regrading certain portions on the west and south- 
erly shores, to give a more bold and pleasing ef- 
fect after the water was raised, 

Besides the above work, 144 miles of street were 
relocated; ten dams or dikes were built to pre- 
vent overflowing low or undesirable areas; a 
drainage system to divert the flow from about 
800 acres of watershed that included swampy or 


©’ 200' 400' 600’ 1500' 2000! 
VY wee i j 
FIG. 1. PLAN OF SPOT POND, SHOWING OLD 


AND NEW FLOW LINES. 


On this account it seemed best to have the work 
at all stages directly under control of the engi- 
neering department. Several bold rock Iedgrs on 
the shores were carefully cleaned of loam and 
dirt, but otherwise left in as natural a condition 
as possible. The remainder of the shore was faced 
with about 1% ft. of riprap, after having been 
stripped of soil. The stone for the riprap was 
taken from the bottom of the pond and from 
neighboring stone walls. 

The general plan for this protection from wave 


action was to carry the riprap 2 ft. above, n i at 
least 5 ft. below, proposed water level. Con-!ler- 
able care was exercised in selecting and acing 


the stone for this work, the landscape architect 
giving it much attention in the endeavor to make 
it harmonize with the shore line. In order to break 
the artificial appearance of the riprapped band, 
gravel beaches were built at several points. These 
had a slope of about 1 in 15, and extends out 
into the pond to a depth of 5 ft. below water !°vel, 
where they sloped off abruptly and were /aced 
with heavy stone. Another method of breaking 
this sameness was by building prominent head- 
ings from the excavated soil, jutting out into the 
pond. Some of these were faced on the wit’ 
side to a depth of 3 ft. with a mixture of creve! 
and large stones. Others, by a layer of grave! 1 
ft. thick, on which was placed 2 ft. of riprap, 
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| with gravel. In the fill on Great Island, 

eonsiderable mud was used, the under 

| layer was 5 or 6 ft. thick. A section of 

»each, With a riprapped shore beyond, is 
by Fig. 3. 

< the work on the shores, the islands had 

-reated. One of these, known as Great Isl- 

~as about 2% acres in area, and was covered 

rest trees of various kinds, some of which 

eonsiderable size. The southerly portion 


. outer edge. 


and plank repeated till the water edge was 
reached. 

In several cases the weight behind would cause 
portions of the mud area to become detached and 
pushed out into the water. To prevent this, plank 
would be laid over the mud and as near the water 
edge as possible, and men with wheelbarrows 
sent across, dumping gravel and stone on the 
By this means a dam would be 
formed which would hold back the inner portion 


others. On the top of the stringers there was placed 
a flooring of 2-in. x 7-ft. plank. At every fourth 
plank a \-in. space was left for drainage, and 
every 7 ft. a plank, 3 ft. longer than the floor 
lines, Was run out to support a fence. On top 
of the flooring 4 x 6-in. wheel guards were placed 
in such position that the “,-in. drift bolts, 1 ft 
long, which fastened them to the bridge, could be 
driven through the timber and into the pile heads 
The detail of the fencing is shown on the sketch 


FIG. 2. VIEW OF NORTHERN PORTION OF SPOT POND, CLEANED AND READY TO BE FILLED. 


‘ this island was comparatively high, with sev- 
ral bola fedge outcrops; the northern portion was 
iow and level and covered with loam and mud. 
\nother island, known as Mud Island, from the 
unount and depth of the material which covered 
ibout two-thirds of it, had an area of about ten 
vores. This island was formed by the lowering 
’ the water, as was also a third island, of sev- 
ral hundred square yards, near the west shore. 
The landseape architects proposed to retain 
Great Island as a feature of the new water sur- 
face. With this in view its higher portion was 
built up with material excavated from its own 
ow area, and with that brought from Mud Isl- 
iid. About one-third of Mud Island was found 


‘o be a gravelly hardpan, which was plowed up 


ind used to cover the portion of the mud area 
vhich was too deep to be removed. This hard- 
pan Was very compact, four horses on a pave- 
ment plow being necessary to start it, and then 
it was necessary to break it up and knock down 
‘he ridges between the furrows by cross plowing. 
‘‘nderlying this hardpan, and also portions of the 
mud when excavated, was found a stratum of pe- 
iliar material. When dry it was very hard and 
ompact, and of a fine silty texture. When wet 

was greasy to the touch, firm enough to walls 
on, but would allow a man to sink readily if 
standing still. When moist it offered the same re- 
istance to horses and carts, being stiff enough 
‘o bear, yet rolling from under the wheels like 
stiff dough. On these islands, and on the main- 
land, where the mud was less than 1 ft. in thick- 
ness, and easy of access, it was removed. The 
reas Where the mud layer was thin were invaria- 
‘ly covered with stones of all sizes from the 
smallest to those of several cubic yards in size 
These stones were thickly packed together, and 
in order to get at the material to be removed it 
was necessary to place in piles such stones as one 
man could easily handle. These stones were later 
‘sed in the riprapping. So far as possible those 
portions of the mud to be covered were first 
rained by ditching. In covering these areas, the 
sravel was brought as near as possible in carts, 
dumped, and cast over the mud by shovelers. 
\fter a strip was thus covered, a platform of 2-in. 
\t-ft. plank was laid on the covered area, onto 
which the teams would drive and dump their 
‘oad; and thus the process of covering with gravel 


while it was being covered, after which it would 
remain in place. For the purpose of readily trans- 
porting men and teams to and from the islands, 
two temporary wooden bridges were built. One 
of these was 170 ft. long, and extended from the 
west shore to Mud Island; the other was 150 ft 
long, from Mud Island to Great Island. These 
bridges were built of spruce lumber, obtained 
from a local dealer, and only ordinary labor was 
employed in their construction, even the carpen- 
ters not being first-class mechanics. The sub- 
structure was built of 4 x 6-in. timber, sharpened 
at one end and driven like ordinary piles. These 
piles were placed in bents of two piles each, these 


Fig. 6. For diagonal bracing, these timbers wer: 
fastened to each pile, before it was driven, with 
% x Q9-in. bolts. These timbers were so placed 
that after the pile was driven they could he 
opened out and spiked to the head of the adjacent 
piles, two being moved lengthwise, but in oppo 
site directions, and one laterally of the bridge 

In order to hold the braces steady while the pil: 
was being driven, it was found most convenient to 
fasten their upper ends to the pile with 20d. nails 
Three nails were used to each brace, driven in 
until the claw of a hammer could just catch the 
head of the nail for drawing after the pile wa 
driven. 


FIG. 3. GRAVELLED BEACH AND RIPRAPPED SHORE OF SPOT POND. 


in each bent being placed 6% ft. c. to c., and the 


bents spaced 6 ft. apart. Each bent was capped 
with two 3 x 10-in. girders, fastened to each pile 
with two % x 13-in. bolts. 

On the girders rested four 3 x 8-in. stringers. 
Those on the outside were spiked to the inner side 
of the piles, which were sawed off level with the 
top of the stringer. The other stringers were spaced 
so as to divide the remaining distance between the 


For driving the pile it was necessary to build a 
pile driver. As a number of 3 x 14-ft., x 10-in 
flat-bottomed boats were at hand, it was decided 
to use two of them for floating a platform. On 
this platform was placed the hammer and guide 
of a rod sounding machine with which it was ex- 
pected the piles could be driven. The hammer 
weighed about 4) Ibs., and was operated by hand 
While towing this pile driver to the work, a stiff 
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northwest wind caused the water to wash over 
the sides of the scows, soon filling and sinking 
them. 

This accident showed that a more seaworthy 
float was necessary, and a 11 x 18-ft. pontoon was 
built. This was of cribwork construction, made of 
4 x 6-in. timbers, spiked together, leaving spaces 
for 20 empty oil barrels. After the barrels were 
placed in their compartments, they were securely 
fastened to prevent rolling, with their bungs up 
so that any barrel that leaked could be readily 
pumped out. The framework was ‘floored over 


with 2-in. plank, well spiked down. On this floor, 
and overhanging one end of the platform, pile- 
driving gins were erected, having 20-ft. leaders, 
braced securely to the deck. 

The hammer used in these gins was a block of 
hard pine, faced with iron, and weighing about 80 
lbs. This hammer was worked by hand, three men 
ordinarily being necessary to run it easily. The 
only difficulty met with was at a few points where 
a springy stratum, probably that mentioned above 
as underlying the mud on the shore, was encoun- 
tered. In this material the pile would sink under 
the blow of the hammer; but when the hammer 
was lifted the pile would come up as though driven 
on india rubber. In these places it was found 
necessary to wedge the pile after each blow and 
before raising the hammer. When the stratum 
was penetrated, the pile would drive all right until 
brought up on hard bottom. These bridges were 
quite firm. As many as six loaded single tip 
carts were on the bridge at one time. The work 
for the bridges was completed late in the fall, and 


TABLE I.—Cost of Bridges. 

Pile driver, No, 2: Labor 

Double team, 1 
Lumber, 1, 200 ft. B. M., at $19 

7-in. 5-roll D. H. blocks, 2 at $1.80...... 

5-in. manila rope, 178 lbs. at 12 cts 


Pile foundation: Labor 
Superstructure: Labor ...........+. 


Materials: 
Lumber, 21,730 ft. B. M. at $19. - $412.87 
Bolts, 207, "%- -in. x 18, and 166, %- in. x9 22.41 
Nails and spikes, 514 kegs.............+. 17.3 
Tools (used up and lost)................ 4.05 
——— 464.66 
Total cost .....« $802.69 
Total length of bridges, lin. ft............cceeeeeeees 20 
Average cost per M., B.M., lumber, gross....... se 50 
Average waste in lumber used ...........c0e+ceeeees 8% 
Time employed OR 12 days. 
Number Of piles Griven 108 
Waste in piling and bracing. 11% 
Average cost per lin. ft. of pile driven ............. $0.22 
Average cost per M., B.M., for piling.............. $55.25 
Waste in lumber used in 5% 
Cost of superstructure per M., 


Wages paid for labor per day uo hrs.): 
Carpenters ........+. 

Cost of abandoned pile driver. 


TABLE III.—Cost of Spot Pond Improvement. 
(1) Cleaning and improving pond, work, 


boring, soundings and test pits.. $5,639 
80 acres.. $101. 25 8,100 
Cleaning, etc., Spot Pond brook..... 8,400 
Earth excavation ...1,036,763 cu. yds. 29° 299,639 
Rock ex., msry walls 2'887.8"* we 1.45 4,185 
Core walls: 
Porfland cement ... a. 7.44 14,513 
Natural cement ... a 5.5 9,961 
Dams, plastering .. 3,636 sq. yds. 44 1,586 
Temporary bridges 847 
Weeding, seeding, fertilizing, etc...... ee 5,985 
Tree planting. ...... 1,786 
(2) Drainage system 37,923 
(3) Gate chamber and inlets ............00-0005 53,618 
(4) Pelice, advertising and miscellaneous........ 4,456 
GB) Real estate 57,949 


as the water was rising gradually, and ice was 
forming, it was thought the ice would pull the 
piles and thus easily remove the bridges. This did 
not happen, however, and in the spring, when 
they were removed, it was necessary to use a long 
lever working on the solid portion of the bridge 
to pull the piles, and even then some of the piles 
were pulled apart. 

In the detailed cost of these bridges given below 
the labor on the iron work of pile driver and drift 
bolts is included under the cost of the pile driver. 
The stock was taken from the scrap heap of the 


FIG. 4. TYPICAL SECTIONS OF DAMS AT SPOT 


maintenance department. No account is made of 
tools except those lost. The rope, blocks and lum- 
ber were in good condition at the end of the work. 

The following figures (Table III.) are taken from 
a table in the sixth annual report of the Metro- 
politan Water Board. This table gives the prin- 
cipal items, quantities and cost of the whole work 
of improvement, exclusive of the engineering; 
from this it appears that the average cost per 
1,000,000 gallons total available capacity is 
$300.80; and the average cost per 1,000,000 gallons 
increased available capacity is $515.70. 

Mr. Frederic P. Stearns, M. Am. Soc. C. E., is 
Chief Engineer, and Mr, Dexter Brackett, M. Am. 
Soc. C. E., is Engineer of the Distribution De- 
partment of the Metropolitan Water and Sewer- 
age Board. 


WORKING LOADS FOR MANILA ROPE.* 
By C. W. Hunt, M. Am. Soc. M. E. 


The technical reference books in use by engineers do 
not contain definite information in relation to the proper 
working loads for manila rope, when used in tackle 
blocks or for cargo hoisting. The hoisting of heavy 


service, and also it Is said to be the fact th: 
weaker when it is wet. Trautwine states 
months of exposed work weakens rope 20 to 
ultimate strength of a new rope given in colun 
result of tests made by the company with » 
connected of full-sized specimens of manila ; 
chased in the open market, and made by 
pendent rope walks. The results were given ;; 
printed in volume xii., page 230, of the Trans 
this Society. Prof. B. Kirsch, of the Imperg) 
Technological Industrial Museum, in Vienna, 
broken over 200 specimens of rope, mostly 35 ; 
ins.) and 55 mm, (2% ins.) diameter, and }; 


POND. 


agree within 5%, with these figures. Professor | 
demonstrated that within the limits of commercia. «jz 
of hoisting rope, the full strength could be obtai:. 3) fo; 
larger as well as for smaller sizes. When the s gt 
falls off, the rope is imperfectly laid, or made o: 
chine too weak for the work. The ultimate stre:,; 
rope is, in this class of work, useful for one purpos. 
that is, to estimate the factor of safety with any 
stress. The strength given is for ordinary comin: 
rope, which may be greatly exceeded in strength by »\\p 
made of selected materials. The table can be depo ded 
upon as a reliable and safe guide in estimating th. 

of safety for any case in hand, 

The proper diameter of pulley-block sheaves for 4 ‘ve; 
ent classes of work, given in columns F, G and H 
(Table II.) is a compromise of the various factors affect 
ing the case. An increase in the diameter of sheave wi 
materially increase the life of a rope. The advyant Be, 
however, is gained by increased difficulty of installatio 
a clumsiness in handling, and an increase in first cost 
It can safely be assumied that the best size is one tha: 
balances the advantages and the drawbacks as they ir 
found in practical use, and makes a fair balance betw: er 
the conflicting elements of the problem. It would be rash 
for any one to attempt to make a decision from theor:ti 
eal considérations; but an average of the practice of a 
large number of users working under all the various 


FIG. 5. COVERING DEEP MUD AREAS OF SPOT POND WITH GRAVEL. 


weights is an important branch of erecting work, and I 
desire to record in the proceedings of the Society a state- 
ment of the result of an extended experience, together 
with some examples of the life of rope in actual service, 
which will be a guide to engineers in judging what service 
can reasonably be expected in similar cases. 

The ultimate strength given in Table II. is materially 
affected by the age and condition of a rope in active 


*A paper presented at the annual meeting of the Amer- 
ican Society of Mechanical Engineers. 

*President, the C. W. Hunt Co., 45 Broadway, New 
York city. 


circumstances of financial stress or superabundance 0! 
urgency or leisure, of mathematical analysis, or rule of 
thumb decisions, furnishes an acceptable basis for a 4 
cision as to the limits of good engineering practice. Tha‘ 
average the table aims to give. 

An abundance of data is available from which to draw 
a reasonable conclusion in the premises. A few typical 
illustrations will make clear the method of procedure, 
and also be of service in showing what changes in sizes 
or proportions an engineer, in any given case, coul! 
make to reach a higher efficiency of mechanism, or “ 
greater c ical omy, In driving 28,908 piles on 


{ Selected Material = +25; Selected Materia! Loarr 
g\Cement: Surface of Foch 60° 
Supposed Surface of 
$38.50 
4.50 
22.00 
15.00 
3.60 
21.36 
$105.76 
| 
} 
| 
| 
| 
| 
2.75 and $2.50 ‘ y P 
/ 
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TABLE I1.—Cost of Day Work on Section 


-Cost-——_,, 
Quantities. Unit. Total. 


5, Spot Pond, June to December, 1899. 


Remarks. 


Main Land, Shores. 


Grubbing «+++. seeveeeee 5 acres... $492.23 * $2,461 


d burn’g brush 100.34 502 
area. stripping. . .39,500 cu. yds. 


55% 21,922 

i covering 0,000 8q. yds. 
ling road ....- 2.42 1,696 
ding loam spaces .... 2.8acres... 43.38 121 


Removing stumps and roots, and grubbing entire area 
stripped of loam. 
Piling and burning stumps, roots and brush. 


% + of stripping was loam; % 4 gravel and hardpan; av- 


erage haul was about 1,000 ft. 


974§ Av. depth gravel covering 1.6 ft.; mud very soft—in most 


cases dam of gravel or rock on water’s edge necessary 
to hold in place; gravel generally cast over the mud. 
Some stone placed by teams, rest by barrows; haul, short. 
Faced in two ways—3 ft. gravel and stone mixed; 1 ft. 
gravel and 2 ft. gravel and stone. 
Built with 1 ft. stone and 6 ins. gravel; cost includes 
fence, catchbasin, rock excavation. 
Includes raking and removing stones, roofs, etc. 


Mud Island.* 


Barth afion ........ 6,050 cu. yds. 3,752 § 
Mu ++19,555 8q. yds. § 
mxeay. and refill....... 1,630 cu. yds. ‘71 =: 11,158 
nd haul to Gt. Isld. 2,870 “* “ 44 1,259 
and piling.. 1,010 “ “ 54 54 
Great 
Grubbing 1,27 acres... 384.32 488 
estroying brush ..... 127.15 161 
worth excavation ......11,440 cu. yds. 54 6,235 
Laying riprap ......-.. 1,488 68 1,018 


Material very compact, considerable stone; 300-ft. haul.f 

Excavated material used in preceding operation.t 

Mud less than 1 ft. removed; cost high on account of 
stone and position of mud. 

Includes cost of planking; hauling, about 1,200 ft. 


Island.* 


Not as many stumps or roots as on main shore. 


Cost includes moving and piling considerable stone. 


Large stones on top and bottom had to be handled twice; 
haul, 800 ff. 


Little Mud Island. 


Covering mud .......-- 667 8q. yds. $3} 
Total cost of work on Section 5...........$45,909 


79{ The cost includes the cost of stripping a small portion of 


the island. 


te include proportional cost of bridges. t+Includes planking. {This item includes digging drainage ditches. 
items id $1.50 and $1.75, latter figure represents 9-10th of all labor. ‘Teams paid $4.50. Lumber cost $19 and $20. 


rotal cost includes 10% paid contractor and total cost of 


bridges. 


ihe Chicago, Milwaukee & St. Paul Ry., the engineering 
department kept an accurate account of the number of 
piles driven by each one of the 79 lines of various sizes 
of manila rope used. From this record the average num- 
per of piles driven by each size of rope was computed, 
and also the cost of rope per pile driven was ascertained. 
This account showed that for hammers weighing from 
1,800 Ibs. to 2,600 Ibs., 1%-in, diameter rope was the best, 
and for hammers from 2,600 to 3,200 Ibs., rope 1% ins. 
in diameter should be used. Similar records covering 
many years have been kept by various coal dealers, of the 


such as is used in the United States Navy. It was dry, 
and tested on a ‘cat and fish’ tackle constituting a 6-fold 
purchase; sheaves 8 ins. in diameter, the three upper ones 
having roller bearings and the three lower ones plain 
solid bushings. The lower block and hook weighed 
75 

It is interesting to compare the life of a rope when used 
with the stresses and sheaves given in columns C and F 
(Table II.) and one used with those of columns D and G. 
To illustrate this, take two cases using exactly the same 
size and quality of rope; one to be worn out in hoisting 
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FIG. 6. TEMPORARY BRIDGES USED ON SPOT 


POND WORK, TOGETHER WITH PILE-DRIVING 


APPARATUS. 


diameter and cost of their rope per ton of coal hoisted 
from vessels, using sheaves of from 12 to 16 ins, in 
diameter. These records show conclusively that, in 
hoisting a bucket that produces 900 Ibs. stress upon the 
rope, a 1%-in, diameter rope is too small and a 1%-in. 
rope is too large for economy. The size in general use 
for this work is 1% ins. The Pennsylvania R. R. Co. use 
1\4-in, rope, running over 14-in. diameter sheaves for 
hoisting freight on all their lighters in New York harbor, 
and handle on a single part of the rope loads up to 
3,000 Ibs. as a maximum. Greater weights are handled 
on a 6-part tackle. 

Robert Grimshaw, in 1893, in collaboration with Lieut. 
J, A. Bell, of the Equipment Bureau, U. S. N., made a 
series of tests at the Brooklyn Navy Yard on sheaves 
of various diameters and with various loads. ‘The rope 
was ordinary manila, 3 strand, 3% ins. in circumference, 


coal from vessels, with stresses and sheaves as per col- 
umns D and G, and the other to be used on a rope drive 
with the stresses and sheaves as per columns © and F; 
all the wear on the ropes comes from its internal friction 
in bending over sheaves, and its external chafing in 
running on and off them. A record of the number of 
bends made by each of the ropes will be a convenient 
means of comparison. A rope 1% ins. in diameter usually 
hoists from a vessel from 7,000 to 10,000 tons of coal 
on a well-arranged hoist. The rope will have a working 
stress of from 850 to 900 lbs. running over three sheaves, 
one 12 ins. and two 16 ins, in diameter; in hoisting 10,- 
000 tons it makes 20,000 trips, bending in that time from 
a straight line to the curve of the sheave, or vice versa, 
120,000 times. The rope, when this service is completed, 
is worn out and must be replaced by a new one. 

To illustrate the endurance of the rope used in the 


transmission of power, take a tin-plate mill transmitting 
1,000 HP. to the rolls by means of 1%-in. manila ropes. 
In one particular case the sheaves are 5 ft. and 17 ft. fn 
diameter and 36 ft. apart, c. toc. The rope is 86 ft. long, 
runs 5,000 ft. per minute, making 13,900 bends per hour, 
or more bends in 9 hours’ service than the other rope 
made in its entire life. As is well known, the life of a 
transmission rope is measured by years, not hours. 
This enormous difference in the life of ropes of the same 
size and quality is wholly gained by reducing the stresses 
on the rope and increasing the diameter of the sheaves. 

The weakening effect given in the table of various knots, 
hitches and bends used in rope tackle is based upon ex- 
periments made in the laboratory of the Massachusetts 
Institute of Technology. Forty-five pieces of 2%4-in. cir- 
cumference, three-strand manila rope, cut from one coil, 
were broken in sets of from three to seven ropes, each 
rope of a set having the same fastening, and an average 
of each set computed. Each different set tested some one 
of the fastenings in common use. The results were not 
erratic, but consistent, and from them a safe concluston 
can be drawn. In examining the various knots broken, 
it is evident that those fastenings in which the standing 
part makes a short bend over another part of the rope 
are the weakest. Those like a round turn and a half- 
hitch, or a timber hitch, have a less abrupt bend in the 
standing part, and are materially stronger. With care, 
an eye in the end of a rope having the ends of the strands 
tapered down, can be spliced over an iron thimble so that 
it will have substantially the full strength of the rope, 
but as it is usually made it is not so strong, for which due 
allowance is made in the table. The same remarks apply 
to a splice in a rope. In the table some knots are included 
that were not tested, but whose approximate strength is 
evident from their formation. The table is only a guide 
to be used in estimating the factor of safety. The loss 
of efficiency by the use of these knots was conclusively 
settled by the experiments above-mentioned, and the 
numerical value fixed within such narrow limits that the 
results cannot safely be ignored in executive work. 

It will be understood that a table of working loads must 
be a general one, covering ordinary cases arising in prac- 
tice. Local conditions may be such as to make it ad- 
visable to vary from the stresses given in the tables. In 
cases of great importance an engineer should carefully 
Investigate the subject in detail and then decide upon 
the exact stresses that he will put on his tackle, but 
ordinary cases are fuMy covered by the data given in the 
tables herewith. 

In Table II. the work required of the rope is, for con- 
venience, divided into three classes—‘‘rapid,’’ ‘‘medium”’ 
and “‘slow,’’ these terms being used in the following 
sense: ‘‘Slow’’—Derrick, crane and quarry work; speed 
from 5) to 100 ft. per minute. ““Medium’’—Wharf and 
cargo, hoisting 150 to 300 ft. per minute. ‘'Rapid’’—400 
to SOO ft. per minute. 

The diameter of the rope in column A is obtained by 
dividing the girth by 3.1416. This method gives for a 
three-strand rope 0.9, and for a four-strand 0.93 of the 
diameter of a circumscribed circle. The girth method 
corresponds closely to the circular diameter of the rope 
when under stress, and is the most convenient method 
to use. 


TABLE I.—Tests of Efficiency of Six-Fold Tackle. 
Theoretical 
Nef load force Extra power 
on tackle, required to Actual force required over the 
weight raise the net — -—theoretical—, 
bs. 


raised, lbs. weight, Ibs. Ibs. %. 
600 100 158 58 
ROO 133.32 198 64.3 48 
1,000 166.7 243 76 45.8 
1,200 200 288 8&8 44 
TABLE II.—Working Loads for Manila Rope. 
A. B. C. D. E. F. G. H. 
Diame- Ul- Working load Minimum diameter 
ter timate -——in lbs.———,  --of sheaves, ins.—, 
of rope, strength, Medi- Medi- 
ins. Ibs. Rapid. um. Slow. Rapid. um. Slow. 
1 7,100 200 400 1, 40 12 & 
1% 9,000 2h) DOO 1,250 45 13 9 
1% 11,000 300 600 1500 BO 14 10 
1% 13,400 380 TO 1,900 55 Ww 11 
1% 15,800 40 900 2,200 0 16 2 
15% 18,800 530 2, 65 17 13 
1% 21,800 620 1,250 3,000 70 18 14 


Efficiency 
of the Factor 
knot. of safety. 


Eye-splice over iron thimble.......... » 3 
Short splice in the rope ............. 80 5.6 
Timber hitch. round turn, half, hitch. 65 45 
Bowline slip knot, clove hitch........ 60 4.2 
Square knot, weavers’ knot, sheet bend 50 3.5 
Flemish loop, overhand knof, ........ 45 3.1 
Rope dry, average 4 tests, same coll. 100 7.0 


DEPOSITS OF ASPHALT are reported to exist near 
Rapid River, Mich. In the fissures in the Trenton rock 
formation oil is found which has been analyzed as follows 
by Mr. Frank Ruschaupt, of Milwaukee: Gum asphalt, 
46.73%; lubricating ofl, 46.55%; moisture, 2.21%: pro- 
ducts resulting from distillation, 4.51%. The Michigan 
Oil & Improvement Co. has been organized to develop 
these lands, says the Kalamazoo ‘“‘Telegraph,”’ and a well 
is being sunk. 


a 
2 TABLE III.—The Efficiency of Knots in a Percentage of 
PC when Used with Stresses, as per Column E, Table II 
4 
» 
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ACETYLENE GAS FOR LOCOMOTIVE HEADLIGHTS. 


Various systems of car lighting by acetylene gas 
are now being tried on a number of railways, and 
some railways are also experimenting with this 
xas for use in locomotive headlights, in which 
case the apparatus consists of a generator placed 
at some convenient point on the engine, while the 
burner is placed either in the engine headlight al- 
ready in use or in a separate reflector, as may be 
desired, 

in the system here described, the generating ap- 
paratus, Fig. 1, consists of a horizontal cylinder 
i> ins. diameter and 36 ins. long, surmounted by 
an oval upright chamber, 12 x 20 ins., and 30 ins, 
high. This is placed at the side of the boiler, as 
shown. ‘Both the horizontal and upright chambers 
contain water, the upright chamber being con- 
nected with the horizontal chamber by means of 
a pipe leading nearly to the bottom of the latter. 
‘om the head of the horizontal chamber are cast 
two cylinders for containing the troughs of car- 
bide, and this chamber forms the generator 
proper. In each cylinder is a removable tray, 
above which is a small trough for spraying water 
over the contents of the tray. The water is ad- 
mitted to the spray trough by means of the two 
vertical pipes shown in the section, Fig. 2, and 
marked “Inlet Vents to Spray Trough.” In the 
horizontal chamber the space above the water is 
occupied by the gas, and constitutes a reservoir. 
As the pressure of the gas diminishes, the water 
rises in the horizontal trough to the top of the 
lower inlet vent, admitting water to one of the 
carbide chambers. As the gas is generated and 
the pressure increases the water is fuiced back 
into the upper chamber until the consumption has 
again reduced the pressure so that the water can 
enter the lower vent. This continues until all of 
the water in the chamber with which the lower 
vent is connected is consumed; then the water 
gradually rises to the top of the higher vent and 
passes into the other chamber, generating gas 
from the carbide contained in that tray. The pres- 
sure of the gas is about 11% lbs. per sq. in. 

The lever shown on the head of the horizontal 
cylinder can be removed to either one of the five 
points marked. Placed in a vertical position it 
means “‘all off.” No water can then enter either 
of the carbide chambers, and in this position it is 
left while the chambers are being re-charged. Af- 
ter the chambers are charged, if it is desired 
to start the generation of gas from carbide cham- 
ber No. 1, the lever is placed in position marked 
“No, 1 On.” If, however, it is desired to start the 
generating from carbide chamber No. 2, the lever 
is placed in position of “No. 2 On” and the gener+ 
ation of the gas goes on automatically until the 
carbide is consumed in both of the chambers, this 
lever being merely for the purpose of starting one 
or the other chambers first. 

The carbide trays are made to contain about 3 
Ibs. of carbide each, although 1% Ibs. is the or- 
dinary charge. With a %-ft. burner in the head- 
light and two \4-ft. burners in the cab, the charge 
in one chamber will furnish gas enough for six 
hours’ consumption. This, of course, can be in- 
creased by increasing the amount of carbide in 
the charge. This headlight is said to be free from 
the objection of dazzling the eyes of engineers on 
approaching trains, which has been made to elec- 
tric headlights, and is also said to light the track 
1,-mile ahead of the engine. 

The cost of the equipment is $100 per engine, 
and the cost of operation is said to be about 0.8-ct. 
per hour for the locomotive headlight and two 
eab lights. In a test on a locomotive of the Chi- 
cago & Northwestern Ry., hauling the Overland 
Limited train between Chicago and Clinton, with 
the headlight and cab lights, in seven nights the 
lights burned 50 hours and 40 minutes with a to- 
tal consumption of 12% Ibs. of carbide, which cost 
4 cts. per lb., making the total cost 50 cts. for 
seven nights. This system has been in use for 
two years on the Southern Pacific Ry., and for 
about six months on the Chicago & Northwestern 
Ry. It is also in use on the Cincinnati, New Or- 
leans & Texas Pacific Ry., the Chicago, St. Paul, 
Minneapolis & Omaha Ry., and the Wisconsin & 
Michigan Ry. 

In regard to the experience with this system on 
the Southern Pacific Ry., we are informed by Mr. 
H. J. Small, Superintendent of Motive Power, that 


the road now has about ™ engines equipped with 
acetylene gas headlights, the first engine having 
been equipped about two years ago. There has 
been no trouble experienced with the generators 
or lamps, and there is no special person in charge 
of these headlights. They are independent lights, 
and carbide is applied when required by the 
various roundhouse inspectors. The cost of equip- 
ping an engine is $35, including $19.59 for altera- 
tion of the oil headlight, and $15.41 for housing 


ace 


Fig. 1. Acetylene Gas Generator for Locomotive 
Headlights. 


Railroad Supply Co., Chicago, Makers. 


reflector and other expense. As to the cost of 
operation and maintenance, a test of two acety- 
lene gas headlights in service for 43 days each, 
with the lights burning 230 hours, gave a cost 
of 1.1 ects. per hour. The cost for coal oil head- 
light, including wicks, chimney, ete., based on 
1,000 miles test, is 1.021 cts. per hour. The cost 
of attention in the roundhouse, placing carbide in- 
stead of oil, is about the same for both systems. 
The cost of maintenance of electric headlights is 
8.373 cts. per hour. This was determined by con- 
densing and weighing the exhaust steam from the 
motor engine for several hours burning of the 
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FIG. 2. SECTIONS OF GENERATOR FOR ACETYLENE GAS FOR. LOCOMOTIVE HEADLIGHTS. 


light: evaporation, 6 lbs. per lb. of coal; steam 
pressure, 180 lbs. As to the brilliancy of the light, 
the relative value for equal effect is as follows: 
electric headlight, 50; acetylene gas, 8; coal oil, 1. 

The Chicago & Northwestern Ry. has three en- 
gines equipped with this system, which has been 
in use for about seven months. Mr. R. Quayle, 
Superintendent of Motive Power and Machinery, 
informs us that the cost of maintenance is a little 
more than with oil, and that there has been no 
trouble with the generator or lamps. The charg- 


ing is attended to cither by the round) " 
man or the engineman. He also states . 
brilliancy of the light, that it is much < 
the electric headlight, and not as bling, 
ginemen of locomotives running toward 
motive fitted with the acetylene gaslich; 
This system of lighting was invented 
ented by Mr. E. R. Cook, and the exelus 
for handling it have been secured by tho | 
Supply Co., Bedford Building, Chicago, |); 


EXPERIMENTS ON SPIRAL SPRINGs.* 


By Chas. H, Benjamin,j M. Am. Soc. M 
Roy A. French. 


The experiments described in the following 
made under the direction of Mr. French, and ; 
lations are his. There is such scarcity of ry: 
on spiral springs, their strength and elasticity 
seems desirable to publish the results of :hes. 
ments. Our text-books and our technical jou: 
tain discussions and formulas, but very few | 
which constants can be obtained to use in th: 

In the experiments to be described, an atten) 
made to determine the coefficient of torsiona! 
and the safe stress for different sizes of bar and 
ratios of mean diameter of spring to diamet:; 
The following notation will be used: 

P = load in pounds. 

S = torsional stress in pounds per square i) 
G = coefficient of torsional elasticity. 

D mean diameter of spring in inches. 

d = diameter of bar in inches. 

H = height of spring in inches. 

L length of bar in inches. 

x = deflection in inches with load P. 

Then, by the usual formulas for tension and cou 
springs: 


The springs tested were all made of tempered st.. 
were open-coil, or compression springs. The 
shown in the table were in every case obtained by 
a number of springs made as nearly alike as po 
and using the average loads and deflections for com 
tion. Every spring was first closed solid, coil to 
several times in a hydraulic press, to remove all per 
nent set; then placed in a Riehlé testing machine 
tested for capacity and corresponding deflection 


End Elevation of Generator. é 


To illustrate, take for an example group No. 1 in th com 
table. This group consisted of 15 springs, 9.25 ins. ou! eo 
side diameter and 17.25 ins. free height before closing 
The steel used was 1.3125 ins. in diameter and 150 ins 
long before the ends were tapered. These springs we! a 
placed in the press one at a time, and closed coil to co: ig 
twice under the full capacity of the press, 75,000 lbs = 
The pressure was then removed, and upon measuring the) 


*A paper presented at the annual meeting of the Ameri 
can Society of Mechanical Engineers. 

+Professor of Mechanical Bngineering Case Scientifi 
School, Cleveland, O. {Pittsburg, Pa. 
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, average 15.25 ins. in height, showing a set 
ey were then closed twice more, but took no 
és spring closed solid with 100% overload 
» all its permanent set with two closings. - 
oes were then placed in the testing machine 
i and total deffection measured. The average 
.ry to close them was found to be 10,900 Ibs., 
-responding deflection was 7.0625 ins. When 
his machine the free height was again meas- 
? hey had taken no more set. 
tution in the formulas we then have: P = 
1.3125, D = 9.25 — d = 7.93875, x = 7.0625, 


ng and solving for S and G: 

> 3) < the torsional stress in pounds per square 
' the spring is closed coil to coil, and G = 
“) the coefficient of elasticity. Dividing the mean 
. - of the spring by the diameter of the bar gives a 
i h will be called R, in this case equal to 6.05. 
the permanent set by the working deflection 
‘her ratio, which will be called Y. In this case, 


<imilar manner were calculated all the results 
the table. 
\ .| notation used in table: 
umber of springs in group. 
itside diameter in inches. 
height before closing in inches. 
free height in inches after producing set. 
height in inches when closed solid. 
H — H’ = permanent set in inches. 
lv — H” = total action in inches. 
alue given for Gin most hand-books is 12,000,000 
ver values shown in the tables are doubtless due 
, higher grade of steel used. The variation in values 
of «is probably due to differences in : 
romper, although in some cases the Table S$ 
al constituents of the steel may 


For bars over 1% ins. in diameter a stress of more than 
100,000 should not be used. Where a spring is subjected 
to sudden shocks a smaller value of S is necessary. 

As has been noted, the springs referred to in this paper 
were all compression springs. Experience has show: 
that in close coil or extension springs the value of G is 
the same, but that the safe value of S is only about two 
thirds that for a compression spring of the same dimen 
sions. 

THE GENERATION AND TRANSMISSION OF ELECTRICAL 
ENERGY BY THE SAN ILDEFONS® CO., MEXICO. 


This company has installed two hydro-electric 
plants which transmit about 3,600 FE. HP. to the 
City of Mexico, situated about 1514 miles distant. 
These plants are situated on the Rivers Monte- 
Alto and Tlalnepantla, lying in the western part 
of the valley of Mexico; and the necessary con- 
cession for utilizing this hydraulic energy was 
obtained from the Mexican government, in 1896, 
by Mr. Ernest Pugibet, who organized for this 
purpose the San Ildefonso Co. The hydraulic 
work was carried out by Mr. de Quevedo. 

As described in ‘‘Le Genie Civil,” for Oct, 12, a 
fall of 60 m., or 196.8 ft., on the Rio Monte-Alto 
was utilized to generate electricity through two 
groups of generators of 340 HP. This electric 
energy is transmitted to the linen factory of San 
Ildefonso, 3.1 miles distant. Each of these groups 
include a Pelton water wheel coupled to a tri- 
phase alternator of 250 kilo-watts and 3,300 volts. 


howing Results of Tests of Spiral Springs 


nave varied slightly. The average 


7 = 23/6 ez 
value is found to be 14,700,000, which les | és $5 =3 
s > = mie) 
rhe proper stress is a more difficult je") 
es was used in the springs ex- N\ D d L | 8 |H"\@ G Ss 
| 
the best 1/15 1,31256.05 |150 (17.25 15.25 2 .311)10,900|12,500,000 97,500 
stress was that believed to be 2 | 20 75 (1.25 4.3 | 80 25| 7 .125 .117| 44.700 
the conditions under which the 8 | 12 73 (1.25 8.8 | 67 | 7.875) 7.5 | .875 |5.875 |1.625) .23 |16,600/16,150,00C 103,000 
625 25 |18,800/13 
4) 655. .125 1.125 3.67 | 89 (10.75 (10.125, . 7.625 (2.5 | .25 [18,800 13,400,000 102,000 
spring must work. In some few cases, 5 | 20 14.75 (3.625 11.125 3.23 | 25 | 9.875! 9.875 | 7.25 110.000 
was necessary to use 6 | 40 '7.75 |6.625 (1.125 5.9 |100 | 7.875) 7.625 | .25 (2.125) .117] 4,850/15.800,000 57,500 
sin No 7 | 36 3:7 | 61 | 7:5 | 6.9875| [1.567] |12'000! 14,400,000 100,000 
an abnormally high value to meet the 5.5 4.18 [101 [7.685 8.062) 113,000 
nditions. This necessitated a special 9 | 24 4.37518 a 
10; 66 5 1 | .2 000) 17, 100,000 102, ¢ 
grade of steel, and great care in manu- 11/2045 (3.5 3.5 | 79 | 9.4375! |7.25 (2.187) .201}12,50014, 100,000 111,800 
hen subjec udden and heavy 14 | 35 4.187.3.25 | .9973\3.48 | 50 | 6.5 | 6 |4.75 {1.25 | .40 |10,500|14,700,000| 106,000 
when subjected to 15 14.5 (3.625 | “875 | 57 | 6.375] 6 825 |4.4375 11562) | 86,500 
ads, or to rapid vibrations, as it 3°75 2/875 | ‘s75 | 41 | 5.375] 5 4.125 1875) .48 |10,800!18,100,000 118,000 
18/404 (8.125! . . | 6.2 5 1.875| .364 12, 900,000 143, 
ent; if merely subjected to normal 19 | 24 3.8752.625 | .75 [3.5 | 62 | 7.25 7 |5.655 11.845) .186 5,250/13,500,000) 83,500 
20; 8 5.75 5 -75 |6.67 |172  (17.625)16 1.625 {8.4875 |7.562) .212) 2,850 18,100,000) 86,500 
stress, it would last for years. 21| 814.5 (3.75 | | 94 | 8.5 {5.5 8.5 | 91,000 
t wi omparin 22 | 12 3.5 (2.75 | .75 (8.67 | 53 | 6.375| 6 .373_|4.625 |1.875) .278, 6,950! 16,200,000 115,000 
it will be noticed, by comparing | | 44.5) | 0088/8 400-000 127000 
lumns S, Y and R of the table, that 94 13.5 21875 | |4.6 | 68 7 | 500 
> 25 100 3.25 2.625 | .625 |4.2 37.5) 5 4 .375 (2.8125 1.187) 4,225)15,500,000 116.! 
Y varies with both S and R for the 9.625 | 1625 4.2 | 43 | 4.5625) [187 [3.875 187) 4,000|16,700,000 109.500 
same diameter of bar; that ts, if Ris 27 200 3.5 3 5 [108 | 9.75 | 9.625 | .125 .082) 76,500 


constant, S and Y increase together. 
and if S is constant, R and Y increase 
together. There are some exceptions to this rule noted, 
it it is believed to be generally correct. This being 
vue, a spring with its mean diameter small, as com- 
pared with size of bar, will allow a higher stress with 
less proportionate set than one of a larger mean diame- 
ier, ~=6©An excessive set means injury to the material, and 
ibility of failure. 

Springs of a small diameter may safely be subjected to 
a higher stress than those of a larger diameter, the size of 
bar being the same. The safe variation of S with R can- 

o: yet be stated. There is an important limit, however, 
which should be here mentioned. Springs having too 

vall a diameter as compared with size of bar are sub- 

ted to so much internal stress in coiling as to weaken 
he steel. A spring to give good service should never 
ive R less than 3. 
The size of bar has much to do with the safe value of 
the probable explanation is this: A large bar has to 
’ heated to a higher temperature in working it, and in 
«i carbon steel this may cause deterioration; when tem- 
ed, the bath does not affect it so uniformly, as may 
seen by examining the fracture of a large bar. 
‘he above facts must always be taken into consideration 
designing a spring, whatever the grade of steel used. 
safe value of S can be determined only by one-having 
accurate knowledge of the physical characteristics of 
« steel, the proportions of the spring, and the conditions 


use, 


) 


\ 


For a good grade of steel the following values of S have 
‘en found safe under ordinary conditions of service, the 
‘alue of @ being-taken as 14,500,000. 

For bars below %-in. diameter: 


R=3 S$ = 112,000 
: S = 85,000 
For bars 7/y, to %-in. in diameter: 
R= S = 110,000 
: R=8 S = 80,000 
For bars to 1% in diameter: 
R=8 S= 75,000 


The transmission line is 2.48 miles long, and is 
made of three wires, each 4.8 mm. in diameter. 

On this same Rio Monte-Alto are two other falls 
of 393 and 492 ft., respectively; and on the Tlal- 
nepantla there are three falls of 557, 205 and 197 
ft. The total of these furnishes a power of 3,600 
HP. upon the axles of the turbines; and the 
course of these rivers have been improved by 
canals and the water stored by dams of masonry 
laid in Portland cement. The Rio Monte-Alto, in 
its upper part, has a flow of-1,000 liters per see- 
ond, and the canal conveying this flow is about 
7% miles long, terminating in a fall of 492 ft. 
The second canal, which conveys a fall of 394 ft 
to the Fernandez Leal factories, has a flow of 
1,200 liters per second, and is 5 miles long. These 
canals follow the natural contours, and are gen- 
erally excavated in the native “tepetate,” or vol- 
canic tufa of this region. This is hard enough 
to admit of several tunnels being dug on the 
line; but much masonry work was required in 
crossing the numerous ravines and streams. At 
one point a siphon was necessary, made of steel 
pipe 23 ins, diameter; this siphon was 754 ft. 
long, and crossed a valley 187 ft. deep. 

The force-mains are steel pipe, connected by 
bridles and rubber rings. The total length of 
these conduits is 7,544 ft., and the diameter varies 
from 3.93 to 3.28 ft. For a full charge the velocity 
of the water is figured at 1 m. per second. For 
the plants utilizing the falls of 492 and 394 ft. 
the generating plants each include five groups 
of generators of 225 kilo-watts. The turbines 
were made by Piccard & Pictel, of Geneva, and 
they make 430 revolutions per minute. Each of 


these is directly coupled to its corresponding al 
ternator, all of the -latter being made by the 
Westinghouse Electrical & Manufacturing Co., of 
Pittsburg, Pa. In each plant are two exciters of 
22.5 kilo-watts, with 125 volts, each operated by 
a Pelton wheel. The high-tension apparatus in- 
cludes six Scott transformers of 225 kilo-watts 
transforming the bi-phase current with 440 volts 
to a tri-phase current of 22,000 volts. 

The works for utilizing the power of the Rio 
Tlainepantla include three canals with a total! 
length of 1544 miles, carrying a flow of from SM 
to 1,000 liters per second. These canals supply 
three generating plants, similar in equipment to 
those on the Rio Monte-Alto, 

The transmitting lines are as follows: Villada tu 
Fernandez Leal,5 miles, six copper wires of 4.8mm 
diameter; Fernandez Leal to Madui, 6.7 miles, six 
wires of 4.8 mm.; La Alameda to Chilueca, 3.7 
miles, six wires of 4.8 mm.; Chiluca to Madui 
2.5 miles, six wires of 4.8 mm.; Madui to Mexico 
10 miles, six wires of 63 mm. diameter. Two 
lines with three wires, at Madui, connect thr 
works on the Rio Monte-Alto with those of th: 
Rio Tlalnepantla; and these lines are supported 
on steel posts made in three sections of differing 
diameters, and having a total height of 2S ft 
In all the cases mentioned the copper wires are 
coated with a weather-proofing compound which 
keeps them free from the effects of humidity 

The receiving plant for the City of Mexice is 
located just west of that city, and here the voltage 
of about 20,000 volts is transformed into a pri 
mary tri-phase distribution of 2,600 volts. Con 
nected with this plant is another for distribution 
as the primary distribution tension of 2,600 volts 
is not too high for a city like Mexico, which « 


cupies a large area compared to its population " 


The current is distributed by overhead lines in 
the suburban sections, and by underground ca 
bles in the central part of the city; the first type 
covering 11.16 miles, and the underground lines 
aggregating 31 miles. The original article enters 
into all the details of these lines, the arrangement 
of feeders, the method of working the system 
and the capacity and operation of the various 
machines forming the general plant. 

The tariff for the sale of electric power varies 
with the quantity supplied and the duration of 
the supply. The average charge for electric light- 
ing is 15 cts. per kilo-watt-hour. For power th: 
charge is 1.5 to 4 ets. per kilo-watt-hour. When 
it is considered that a ton of coal in the City of 
Mexica costs $9 to $10, these charges are mod- 
erate. A number of motors are already operated 
by this company, some of these motors being of 
75 HP.; and the demand is such that—in 1902 
the company will probably augment its genera- 
tion of energy by the erection of storage reser 
voirs, or by an increase in its steam generating 
plant. 


THEY HAVE TOUGH WHISKEY OUT WEST.-On: 
day last week fire was discovered in a box car near the 
middle of a Denver & Rio Grande freight train, whil« 
passing through Colorado Springs, and just affer it had 
been cut out of the train a tremendous explosion wrecked 
the car, destroying all the contents except three barrels 


of whiskey. The car was loaded principally with mer 
chandise, and four kegs of dynamite.—Railway Review 


THE ROCKFORD & BELVIDERE ELECTRIC RAIL 
way, from Rockford east fo Belvidere, Tll., 1314 miles, has 
been opened for traffic, but the line will not be fully 
completed and ballasted for some time yet The road 
paraliels the Chicago & Northwestern Ry., and for about 
half the distance the right of way is adjacent té that of 
the latter road. As on many interurban electric road 
the location was governed largely by right-of-way con 
siderations. The maximum grades are 2% in the direction 
of the loaded fraffic, and 3% in the opposite direction 
Freight will be carried, and a large milk business is ex 
pecfed. The sharpest curves are of 2(4) ft. radius. There 
are five plate girder bridges, and several small openings 
spanned by I-beams. The road is sjngle track, laid with 
0-lb. T-rails, 30 ft. long, spliced with Weber joints, It 
has double pole lines, with span wires supporting th 
trolley wires. Power is furnished by the Rockford Ej 
son Co. The line is owned by the Rockford & Relvider: 
Electric Ry. Co., of Rockford, Ill.; and was built by the 
Tllinois Interurban Construction Co., which is composed 
of the same parties. Mr. C. C. Stowell, M. W. Soe. C. E.. 
of Rockford, is Chief Engineer. Mr. T. M. Ellis is Su- 
perintendent of the Rockford & Belvidere line, the Ruck- 
ford City electric railways, and the new line now under 
construction from Rockford north fo Beloit and Janesville 
Wis. 
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METHODS OF CONSTRUCTION OF THE 3,820-FT. STONE 
ARCH BRIDGE AT ROCKVILLE, PA.; PENNSYLVA- 
NIA R. R. 


In our issue of May 10, 1900, we illustrated and 
described the plans for the long double-track stone 
arch bridge for the Pennsylvania R. R., at Rock- 
ville, Pa. This structure is now practically com- 
pleted, and will be put in operation as soon as the 
necessary changes have been made in the tracks 
at each end. Fig. 1 gives a fairly good view of 
the completed bridge. Briefly described, it 


were built and the filling was put in place. When 
the whole ring was completed the center was 
shifted to the next span by boom derricks mount- 
ed on the scows which had been used for building 
the piers. To handle the materials on the bridge 
boom-derrick travelers were employed, running on 
a trestle work carried by the centers or by the 
completed arches. One of these travelers is shown 
at the left in Fig. 3. Altogether six travelers 
were used, three at each end of the bridge. The 
mortar was mixed by hand on the bridge as used, 
but the concrete was mixed in cubical mixers on 


FIG. 1. VIEW OF DOUBLE-TRACK STONE ARCH BRIDGE AT ROCKVILLE, PA.; 
PENNSYLVANIA R. R. 
Wm. H. Brown, M. Am. Soc. C. E., Chief Engineer Pennsylvania R. R. Drake & Stratton and H. S. 
Kerbaugh, Inc., Contractors. 


crosses the Susquehanna River at Rockville, Pa., 
and replaces a double-track, three-truss bridge 
of twenty-three 240-ft. spans. The new stone 
structure is 3,820 ft. long and 51 ft. wide over all. 
It consists of 48 70-ft. arch spans, in which the 
arch rings, spandrel walls and pier facings are of 
stone, and the filling and backing are of concrete. 
The contractors for the bridge were Drake & 
Stratton, of Philadelphia, Pa., for the east half, 
and H. S. Kerbaugh, Incorporated, for the west 
half. 


Work was begun simultaneously by the two con- 
tractors, and they used substantially the same 
methods and duplicate plants. The first con- 
struction work was the placing of the pier foot- 
ings. This was done by means of cofferdams built 
on shore, floated into position and sunk. At the 
site of the bridge the water is shallow, and has a 
comparatively slow current. The river bed is a 
smooth and regular rock. Practically all that 
required to be done to build the footings, there- 
fore, was to sink the cofferdams in water scarcely 
ever more than 3 ft. in depth, lay the interior dry, 
remove the unsound surface rock, level up the 
excavation and lay the concrete footings. The 
necessary pumps and derricks were installed on 
flat-boats and the construction material was de- 
livered along the work by means of a temporary 
trestle running parallel to and close :longside the 
bridge site. The piers were built of a rock-faced 
ashlar facing and a Portland cement concrete 
backing. 

The arches were built on truss centers, each cen- 
ter being half the width of the arch ring. Fig. 2 
shows the construction of the centers in detail. 
Each center consisted of eight parallel trusses, 
with a horizontal bottom chord and a segmental 
top chord, made up of sawed timbers having the 
dimensions shown by Fig. 2. In this illustration 
attention may be called to the cruciform section of 
the web members; to the gusset plate connection 
of the top and bottom chords at the ends of the 
trusses; and to the wedge support of the trusses 
and the adjacent rollers at the pier bents. These 
bents were two-story bents and had their bottom 
sills resting on the set-offs of the concrete pier 
footings. Fig. 3 shows the centers in place ready 
for the erection of a number of the arches. 

The arch rings were built in longitudinal halves. 
One-half of the ring from the side to the center 
line was constructed, then the center was lowered 
onto the rollers by knocking out the wedges, and 
pushed over into position for the second half, 
which was erected and thoroughly bonded with the 
half which had been previously constructed. After 
the completion of the arch ring, the spandrel walls 


shore and taken to the work by narrow-gage cars 
running on the temporary trestle shown in Fig. 3. 

The plans for the bridge were prepared by the 
engineers of the Pennsylvania R. R., Mr. Wm. H. 
Brown, M. Am, Soc. C. E., Chief Engineer, and Mr. 
Geo. Nauman was the engineer in charge of the 
work for the Pennsylvania R. R. Co. We are in- 
debted to H. S. Kerbaugh, Incorporated, for the 
information from which this article has been pre- 
pared. 

THE EARLY HISTORY OF OPEN-HEARTH STEEL MANU- 
FACTURE IN THE UNITED STATES. 


By Samuel T. Wellman, M. Am. Soc. M. FE.+ 


The idea of making steel by an admixture of cast and 
wrought iron melted together on the open hearth in a 
reverberatory furnace was first proposed by the French 
philosopher, Reaumur, in 1722. We have records of this 
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French Government under Louis Napoleon « 

amount of money in experiments in trying eae 
on the open hearth of a reverberatory fu : 
succeeded in reaching the necessary temper t 
of these early experiments failed to be a com 
cess, on account of the destructive action o: - 
the lining of the furnace. 

The melting of steel in regenerative ope 
naces was first proposed by C. W. Siemens 
was tried in a very small way, by one or 
censees, but we have no record of its hay! 7 
into successful use. Pierre & Emile Martin . Re 
euil Works, near Paris, were the first to o» 
process on a commercial scale, they having °. 
nace at their works in 1864, under a licens 
mens, Speaking of this furnace, C. W. s 
paper read before the Chemical Society, \. 
said: ‘‘It was chiefly intended for a heating *; 
was so constructed of Dinas silica brick ay | 
form that it could be used as a melting furnac 
Martins’ experiments with this furnace wer: 
cessful, and soon became known all over 
lurgical world, creating a great deal of interes: 


THE TRENTON FURNACE, 

Among the many ironmasters who becom: ested 
in the process was Abram S. Hewitt, who pur 
his firm, Cooper, Hewitt & Co., of Trenton, \ the 
rights in the patents for America. Fred. J, Sio4 th te 
engineer, was sent over to France to study t} : 
When he returned home Cooper, Hewitt & © 
diately started to erect a small furnace at their , 
Trenton, N. J., to try the process. This furnace wag of 
only 4 or 5 tons capacity. It was put in operati.. 4 Iring 
the fall of 1868. The gas producers were of th gular 
Siemens type, and built from drawings fur: 1 by 
Messrs. Siemens’ agents in America. I was at ; 
assisting Messrs. Siemens’ engineer, J. T. Potts, « 


time 


o had 
been sent to this country by C. W. Siemens (0 haye 
charge of the erection and starting of the first re-nora- 


tive furnace which was built in this country. This fyr- 
nace was for the melting of crucible steel, and was built 
at the works of Anderson, Cook & Co., of Pittsburz Pa 


I was sent by Mr. Potts to Trenton to assist Mr. Slade {n 
the starting of their gas producers, with which they wor 
having some trouble. This gave me a good opportunity 
to see the first efforts to make open-hearth stee!, and 1 
have a very vivid recollection of some of these experi- 
ments. 

Mr. Slade was the only man connected with the works 
who had ever seen a heat of open-hearth steel mi lted. 


and, as he was not a practical steel man, he probably 
overlooked some of the important points while watching 
the manufacture in France. At any rate, everything bad 
that could happen in the manufacture of open-hearth 
steel seemed to fall to their lot. 

The furnace was a Siemens regenerative furnace, | sup 
pose copied from one in use at Messrs. Martins’ works, 
near Paris. It had a very flat, shallow bottom, but ther 
did not seem to be much trouble in getting it up to a fajr 
steel melting heat. The regenerators seemed to be of 
ample size, and the furnace fairly well designed for its 
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FIG. 2. 


process being tried several times by different persons 
during the eighteenth and first half of the nineteenth 
century. In France, a commission appointed by the 


*Condensed from the presidential address ‘at the An- 
nual Meeting of the American Society of Mechanical En- 
gineers. 

+Gen. Supt. Wellman-Seaver Engineering Co., Cleve- 
land, Ohio. 


DETAILS OF CENTERS FOR 70-FT. ARCH SPANS OF ROCKVILLE BRIDGE. 


work, excepting in the shape and depth of the bottom. 
which was entirely too shallow for the quantity of st«°! 
which it had to hold. On the casting side of the furnac: 
in front of the tapping hole, was fastened a kind of for:- 
hearth, called by the worke4an, from its shape, ‘‘a shoe 
In the bottom of this, at the outer end, waé placed © 
fire-brick nozzle, in which was fitted a fire-clay stopp. 
by which the flow was regulated. Running parallel wi) 
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: 
‘the furnace, was a line of narrow-gage rail- 
pat ° h were placed the cars for the ingot molds, 
oe arranged for group casting. These cars were 
- ' chain windlass placed at one end of the 
sai ') the heats that I saw made, franklinite pig 
=a 4 for the bath, and the balance of the heat 
<! ‘om puddled bars and scrap steel. This mix- 
aie bave made good steel, but unfortunately they 
6 o-manganese, none being made at that time 
“4 wry, and but little, if any, in Europe. 
oe -bonization they used a small quantity of 
Sno pig, according to my recollection not more 
= 1%% of the weight of the charge. As the 
“ contained only about 10%, of manganese, this 
“ae a steel very low in that element, with, at the 
al + more than 0.15%, and often only a mere trace. 
1 . was a steel that was difficult to roll, except at 
F perature. It would stand a welding heat, and a 
heat, but was yellow short, and any attempt 
“i r or roll it at that temperature resulted in the 
nd « to pieces. If the furnace bottom had been 


magnesite or other basic material the amount of 
ese would have been quite sufficient to have made 
»| workable at all temperatures. 


These are only examples of the difficulties and rough 
experiences which were encountered in these initial trials, 
anditwas no wonder that poor Mr. Slade was discouraged. 
As is very often the case, this experiment was not 
very profitable to the pioneers, Cooper, Hewitt & Co. 
The furnace was operated at intervals for a year or two, 
but was finally abandoned. The manufacture was 
stopped, as it was not a commercial success. Those 
who saw these experiments were able to profit by them 
and avoid many of the difficulties encountered in them. 


THE BAY STATE IRON WORKS FURNACE. 


The second works to make open-hearih steel in America, 
and the first to make a commercial success of the Manu- 
facture, were the Bay State Iron Works of South Boston, 
under the superintendence of Ralph Crooker. Mr. 
Crooker was an ironmaster of the old school, and at the 
time of my association with him had been connected 
with the management of iron works, in one capacity or 
another, for over 50 years. 

The Bay State Iron Co. bad been manufacturers of iron 
rails for many years, but about this time the advent of 
steel rails had induced them to experiment in the manu- 
facture of steel-headed rails. Their first experiment was 


FIG. 3. VIEW OF ROCKVILLE BRIDGE IN PROGRESS OF CONSTRUCTION, SHOWING ARCH 
CENTERS, TRAVELER AND SUPPLY TRACK. 


In the first heat at Trenton, when the melter thought 
from the small test ingots taken that the metal was 
ready to cast, a small quantity of spiegeleisen was added, 
and when this was melted a bent bar was driven through 
the sand wall between the shoe and the furnace. When 
this bar was withdrawn it allowed the steel to run out 
and fill the shoe to the level of the steel in the furnace. 
The stopper being opened, the steel ran out through the 
nozzle into the molds. When the first group was filled 
the stopper was closed, and the car was moved along 
until the next group came under the nozzle. In this man- 
ner about one-half of the molds were filled, when the 
nozzle in the bottom of the shoe began to close up by 
the metal chilling. It soon closed up entirely, and the 
car was then moved along until the next group of molds 
was in place under the nozzle, when the whole nozzle was 
lifted out of its place, and the steel then came with a 


rush for a short time. This operation was repeated until- 


all the steel that was liquid had drained out of the fur- 
nace, but only a small proportion made ingots that could 
be rolled; the larger half were scrap. 

The great difficulty in these pioneer days of stee!- 
making was to teach the melters to maintain the steel 
at the proper temperature. The margin between the 
proper casting temperature of the steel and the melting 
point of the furnace itself was very limited—much more 
so than to-day, as at that time no silica brick were 
available, and we were obliged to use clay fire brick 
for the roof and sides of the furnace. Shortly after the 
heat which I have mentioned I saw an attempt made 
to cast a charge which had chilled in the nozzle, so that 
it could not be started again. By the time the shoe 
could be taken off the steel had chilled solid, clear back 
into the furnace, which was then shut down half full 
f steel. The next day the furnace was started up 
ogain. A quantity of pig iron was added and the steel 
finally all melted, but it was so slow in coming to a steel 
melting heat that the carbon was reduced, and several 
nore additions of pig iron had to be made, until finally 
‘he furnace was overfilled, making it all the more diffi- 

it to get the proper temperature. It was finally 
‘apped, but it wag so cold that it chilled in the nozzle 
1 the forehearth, so that when the latter was taken 
the steel ran down over the nozzle, cars and tracks, 
‘elding the whole together, and making a miess that 
was afterward told took two weeks to clear up so that 
se furnace could again be started. 


with puddied steel, which was used in the head of the 
rail in alace of the hard wrought iron, which had gen- 
erally been used for that purpose. As this did not prov 
to be a success, Bessemer steel ingots were brought from 
Troy and rolled into bars, which were used in the pile to 
form the head of the rail; this also was unsuccessful. 
Bessemer steel as then made was found to be very ir- 
regular in quality, and sometimes impossible to weld. A‘ 
this stage Mr. Crooker’s attention was called to the ex- 
periments that were being made in the manufacture of 
open-hearth steel at Trenton. He visited the works, and 
after watching the process for some time he became con- 
vinced that with a properly-consiructed furnace and the 
use of ferro-manganese a good weldable steel could be 
made. He tried to make some arrangements with Messrs. 
Siemens’ agents to supply him with plans for a furnace 
such as he wanted, but, failing in this, he sent for me, I 
having left Messrs. Siemens’ employ several months be- 
fore this. I soon came to terms with him, and in a few 
weeks we had the plans well in hand and started the 
construction of the proposed works. 

The erection of the works was started in 1869; they 
were completed in a few months, and put in operation 
early in 1870. The plant consisted of one furnace of a 
capacity of 5 tons. The necessary gas producers were 
also built, as well ds a coal-fired preheating furnace 
Several anthracite crucible steel meljting furnaces were 
also built for the manufacture of ferro-manganese. The 
bath was made much deeper than the one at Trenton in 
proportion to its size. The metal was cast through a fore- 
hearth in much the same manner as at Trenton, but the 
ingot molds were carried on a large turntable resting on 
conical rollers, which was turned by a steam engine 
through the medium of bevel gearing. This made a very 
good arrangement, and as it was well designed and built, 
it gave no trouble in operation. 

The Bay State plant started off with one very great 
advantage over that at Trenton, in that they had ferro- 
manganese to use for the final additions in the process. 
As this could not be purchased at that time, we were 
obliged to make it in crucibles. 

The first steel was made from a mixture of puddled bar 
made in their own furnaces, with some scrap steel, melted 
in a bath of English West Cumberland hematite pig iron. 
This steel was rolled into bars about 7 ins. wide by 2 
ins, thick. This bar was used for the top of the rail pile 
and formed about one-fourth of its weight, the remainder 


of the pile being made of old iron rails. The weld was 
apparently as sound as if it were iron on iron. Quite a 
large quantity of rails Were made in this manner and 
were put into use, but the day of weldless steel rails 
had come, and while the steel-headed rails gave etter 
results as to wear than those of iron, they did not begin 
to do as well in that respect as those of solid sieel. 
They lacked the strength and stiffness of solid steel, and 
these latter qualities had as much to do with good wear 
ing results as the mere difference of hardness of the head 

It soon became apparent to the Bay State Co. that the 
steel-headed rail was a failure, and that they must look 
to some other outlet for the product of their steel plant 
They were large makers of iron plates as well as rails. 
Their flange plates ‘had a good reputation, but were 
costly to make, being puddled from charcoal pig iron 
Added to this expense was the tremendous loss from 
blistering, the average being from 40 to 509. This meant 
that amount of the plate being cut up and worked over 
again—a very serious item of cost. These troubles, and 
the fact that some very good flange and fire-box steel had 
been made in Pittsburg in crucibles, induced them to ex 
periment in the manufacture of soft steel plates, rolled 
from ingots made in the open-hearth furnaces. Tie first 
were made from their own bars, puddled from charcoal 
iron, but this was not satisfactory, as the fron contained 
too much phosphorus. After quite an amount of experi- 
menting, a small quantity of steel was made trom blooms 
made in the Lake Champlain district, direct from the ore 
in the old-fashioned Catalan forge. The result was most 
satisfactory; a beautifully soft, ductile steel was produced 
that was perfectly malleable, hot or cold. Plates rolled 
from it never showed a blister and very few defects of 
any kind, and most satisfactory of all was the faet that 
it could be produced much cheaper than the best iron 
flange plates. A great many samples of this plate were 
sent around to their different customers, and the com- 
pany very soon secured a large trade in boiler and fire- 
box plates, which they were able to hold for several 
years. Only one furnace was ever built at the Bay 
State works, but this furnace was run day and night 
for several years in the manufacture of the highest 
class of ingots for boiler and fire-box plates. As the 
price was very high, this small steel furnace earned a 
great deal of money for the company. 

FURNACES AT NASUUA AND PITTSBURG. 

The next firm to build an open-hearth furnace were the 
Nashua Iron Co., at Nashua, N. H. This wag a 6i-ton 
furnace, built under license from Messrs. Siemens. 

The steel was tapped from the furnace into a ladle 
mounted on a car running on rails, these being placed on 
each side of a deep casting pit, in which the ingot molds 
were placed. This pit ran at right angles to the furnaces, 
the ladle car being hauled by a chain and windlass 
worked by hand. This made a cheap and effective casting 
arrangement. For a stationary furnace, it had a great 
advantage over the use of a shoe, similar to those used 
on the Bay State and Trenton furnaces, as no matter 
how cold the steel was it was always hot enough so that 
it ran clean out of the furnace. While some of it might 
chill in the ladle, the furnace was not interfered with at 
all, and we were able to get out the next heat without 
interference from steel being left in the furnace. 

The Nashua Compaty were large manufacturers of 
forgings for railroads and marine uses, and much of the 
steel made by them was used to take the place of iron 
for this purpose. They also secured quite a large trade 
in boiler and fire-box plates, and later on they com- 
menced to manufacture steel for locomotive and car- 
wheel tires. Some years later this S-ton furnace was 
torn down and a furnace of 10 tong capacity was built 
in its place. 

About the same time that the Nashua Company were 
building their first furnace Singer, Nimick & Co., of 
Pittsburg, were building a furnace of about the same 
size, which was put in operation about the time of the 
one at Nashua. It was used for the manufacture of 
mild steel, principally for boiler and fire-box plates, 
which they had previously made from crucible steel. 

THE OTIS PLANT AT CLEVELAND. 

The works of the Otis Iron & Steel Co,, of Cleveland 
was the first plant in the United States to be bullt for the 
exclusive manufacture of open-hearth steel. I was en- 
gaged by the company to build and take charge of the 
works. 

Ground was broken for the erection of the works in the 
summer of 1873, but they were not finished until the fall 
of 1874. At my suggestion Alexander L. Holley was ap- 
pointed consulting engineer, and he served the company 
for several years in that capacity. 

Many plans for the general arrangement of the works 
were worked over between us, and the one finally adopted, 
with some minor alterations, was one suggested by him 
The steel melting plant, as originally built, consisted of 
two 7-ton furnaces with a regenerative preliminary fur- 
nace for preheating the blooms before adding them to the 
bath, and a regenerative crucible ferro-manganese fur- 
nace. The most radical improvement over old practice 
was the raising of the charging platform about 10 ft. 
above the general level, the material to be melted being 
raised by hydraulic elevators. This arrangemert made 
the furnaces very accessible for repairs, and also gave 
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he face of the cup until the blow is fully 
»@ is then directed outward against the 
sides of the bucket.” The bucket shown 
istration is evidently based upon a simi- 
the “splitter” being subsequently pro- 

lear away the water more rapidly. In 
ie And in the catalogue of the De Remer 
' »merous expressions of which the follow- 
| example: 

,aped lateral bars receive and stop dead the 
water after it issues from the jet; they over- 
glancing blow ever present in feeding a circle 


tangent and characteristic of ali other forms of 
wheels. 


be seen from the preceding that the ob- 
‘his construction of the buckets is to bring 
er of the propelling stream to rest relative- 


PERSPECTIVE VIEW OF BUCKET. 


FIG. 1. THE DE REMER “TANGENTIAL IMPACT” WATER WHEEL 
De Remer Water Wheel Co., Denver, Colo., Mfrs. 


iy with the wheel, thus obtaining, according to 
the inventor, a maximum of efficiency. As to the 
disposition of the water after delivering its en- 
ergy to the wheel, the maker’s catalogue says, 
“the dead water is discharged by gravity and cen- 
trifugal foree,” it being further explained that 
gravity is the chief agent in the discharge when 
the wheel operates under low heads of water, cen- 
trifugal force under high-heads. It may be doubt- 
ed whether the action of the wheel and the move- 
ment of the water are exactly in accordance with 
the inventor’s explanation. It seems probable that 
the “splitter,” in conjunction with the outwardly- 
flaring sides, turns and reverses the water in a 
more or less continuous stream, very much as do 
wheels of the Pelton type. 
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crossing it at a point where the ratio of speed of 
wheel-rim to theoretical velocity of water has a 
value of from 0.48 to 0.54 for different sizes of 
nozzle. At speeds above this the Pelton curve 
rises increasingly above the other. 

On request of the makers of the De Remer wheel 
a competitive “‘test’’ was then carried out by Prof. 
Carpenter in the following manner. The wheels 
were belted together, backward; one wheel was 
then started and allowed to reach full speed. The 
water was then turned on the other wheel and 
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rotation-speed may at another speed be consider- 
ably less efficient than some other form of con- 
struction. Aside from this question of efficiency, 
the test noted, of running two wheels belted to- 
gether, involves the effective radius of action of 
the two wheels. For instance, though both wheels 
were rated as 12-in. wheels, the lower speed of the 
De Remer when running free, and its behavior in 
the reversal tests, indicate that it has a larger 
effective radius than the Pelton, which, other 
things being equal, would give it the greater start- 
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VERTICAL SECTION OF WHEEL AND CASE. 


results noted. When the Pelton wheel was started 
first, the stream on the De Remer caused the 
coupled wheels to slow up and come to a stand- 
still. When the De Remer wheel was started first, 
turning the stream on the Pelton had the effect 
of slowing the couple down to 176 r. p. m., which 
speed remained constant, the De Remer being the 
driving wheel. When run independently and with- 
out load, the two wheels showed free velocities of 
1,660 r. p. m. for the Pelton and 1,488 r. p. m. 
for the De Remer, both under 142 ft. head. The 
nozzles in use at the time were furnished by the 
manufacturers of the two machines; the Pelton 
nozzle was found to have a slightly higher dis- 
charge than the De Remer under the same head. 

It will be apparent, of course, that tests like 
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ing torque and in general the greater torque at 
equal speeds. 

More direct comparisons between the wheels are 
afforded by the curves of efficiency obtained by 
Prof. Carpenter and shown in Fig. 2. It is seen 
at once that the Pelton wheel tested had a lower 
efficiency at rim-speeds up to about half the water 
velocity, and a higher efficiency than the De Re- 
mer at speeds above this point. An interesting fea- 
ture of the curvés is the fact that the maximum 
efficiencies on the three sets of curves lie at about 
the same point, having a velocity-ratio of about 
0.40; the maximum efficiency is seen to be from 
5 1.0 10% greater for the De Remer than for the 
Pelton in the curves shown. (Presumably the rim- 
speeds were figured on a diameter of 12 ins.; they 
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FIG. 2. EFFICIENCY-SPEED CURVES FOR 12-IN. DE REMER AND PELTON WHEELS. 


Some tests of the De Remer wheel are reported 
' the manufacturers’ pamphlet. A comparative 
‘est was made by Prof. R. C. Carpenter, at Ithaca, 
N. Y., about two years ago, with a 12-in, De Re- 
‘er, and a 12-in. Pelton wheel. Efficiency curves 
the two wheels for varying velocity were 
plotted from results obtained by using, in succes- 
‘ive experiments, nozzles of %-in., %-in. and 5¢-in. 
‘lameter, These curves are shown in Fig. 2. The 
“ficiency curve of the De Remer wheel is seen to 
‘ise above the Pelton curve for low velocities, 


these are of not much practical value, having 
but little bearing on actual operation of such 
wheels. The action of the water upon the buck- 
ets is different for every speed of the one relative 
to the other; in any one wheel it is designed to be 
a commercial maximum with a particular speed 
of wheel and a particular velocity of stream; back- 
ward running of the wheel is a condition the 
farthest possible removed from that of maximum 
efficiency. It is clear, too, that a bucket con- 
struction ensuring most efficient operation at one 


would, therefore, since the 12-in. represents the 
diameter over buckets, be subject to a correction 
of different amount for the two wheels. This cor- 
rection would result in shifting all the curves to 
the left with respect to the velocity-ratio values, 
i. e., the maximum efficiency point would corre- 
spond to a lower velocity-ratio than 0.40), 

It will be noted that both wheels show on these 
curves maximum efficiencies of between 80 and 
90%. This would indicate that they operated 
fully as efficiently as larger wheels of their class. 
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the great advantage of our being able to have a very shal- 
low casting pit. This plan is still followed by the latest 
and best works in this country. 

The steel was tapped Into a ladle, as at Nashua, only 
instead of supporting the ladle on a car it was carried 
on the arms of a jib crane, which was simply a swing, 
without any lift. This made a simple and cheap casting 
arrangement and one that was perfectly safe. The one 
erane stood on the center line between the two furnaces 
and the ladle swung around to the tapping spout of each. 
There being no lifting of the ladle when it was filled with 
metal, there could be no breakdowns or upsetting. 

The first heat of steel was made in October, 1874, from 
charcoal blooms from the Lake Champlain district, melted 
in a bath of Lake Superior charcoal pig iron. This steel 
was naturally of very high quality and was made into 
plates for fire boxes. 

Of course we had to educate all of our skilled men; 
we had no works to go to from which to hire them, and 
so had no other way except to educate them. 

When I severed by connection with the company, after 
16 years’ service, out of about 1,000 employees, I was 
able to learn of only one skilled workman who had not 
learned hig trade in the shops of the company, 

Not only men, but all of our materials, had to be tried 
and proven. The question of fire brick, as well as of 
other refractories, was an important and troublesomé 
one, and a great deal of experimenting had to be gone 
through with before the best materials could be found. 
In the meanwhile we were building up a good reputa- 
tion for the quality of our product, which was prin- 
cipally plates for boilers and fire boxes. Otis steel was 
for many years a standard brand for the purpose in this 
country, and sold at the very highest price. 

In 1878 two 15-ton furnaces were added to the plant. 
These were a great success from the very start, and 
were at that time regarded as of immense size. They 
were a radical step in advance of anything that had been 
built up to that time. In 1881 two more 15-ton furnaces 
were added, and in 1887 two more of the same size. The 
Otis works were at one time the Irgest open-hearth plant 
in this country. 

As I have said, the principal raw material used at the 
start for making the high quality of soft steel which was 
turned out at the Otis works was charcoal blooms from 
the Lake Champlain district. These were used in largely 
increasing quantities from year to year, until the con- 
sumption reached as high as 12,000 to 15,000 tons per 
year, at an average cost of $45 to $60 per ton. This 
seems like an enormous price to pay for raw material. 
It was; but as the finished plates were sold at from $135 
to $160 per ton, a fairly good margin was left for profit. 
Later on a larger amount of puddled blooms were made 
from Bessemer pig iron in mechanical puddlers. Washed 
metal made in revolving Pernot furnaces by the Krupp- 
Bell process was also used. 

THE FIRST BASIC STEEL. 

The first basic steel produced in this country was made 
at the Otis works in 1886. During a visit to Europe in 
1885 I saw the process at work, and was much impressed 
with its possibilities. I immediately arranged to have a 
small cargo of Styrian magnesite sent over, and as soon 
as we could spare a furnace to make the experiment we 
put in a lining of calcined magnesite on top of the silica 
bottom, which. had been melted down as low as possible. 
This magnesite was not fused in, as is the practice in 
these days, but after being mixed with tar was rammed 
in place while the furnace was cold. This was the prac- 
tice in Europe at that time, and we simply followed out 
what we had seen on that side of the water. As soon as 
the bottom was made, we started up the furnace, which 
was operated experimentally for some four months, mak- 
ing a good quality of basic steel. All of it went to our 
regular customers in our regular work, without any fault 
being found. It was kept as a great secret, and no one 
outside of the company's works knew what we were 
doing. 

During all of this time we were extremely busy. The 
basic process was much slower in operation than the 
acid, and this made the output of the furnace so small 
that I was at last forced to yield to the pressure brought 
by the selling department for more steel, and changed the 
furnace back to the acid process. Some months later the 
basic process was started at the Pennsylvania Co.’s works 
at Harrisburg and the Carnegie works at Homestead. 
To-day at least three-fourths of all the open-hearth steel 
made in America is manufactured by the basic process, 
and this proportion is bound to increase. It is my opin- 
jon that there is no question about the fact that the very 
best qualities of all grades of open-hearth steel can be 
made cheaper and better by the basic process than in 
any other way. The basic process of steel making is so 
simple, both in theory and practice, that it seems strange 
that it was not thought out and put in practice before it 
was. The same principles are involved, and the same re- 
actions go on in the puddling process which has been in 
use for generations. The only difference is that the t-m- 
peratures are lower in the puddling furnace than in the 
open hearth; as a consequence, the lining in the latter 
must be the more refractory, 

RECENT DEVELOPMENT OF THE OPEN-HEARTH 

PROCESS. 

Very soon after the Otis Steel Works were started, 

open-hearth furnaces began to be erected all over the 


country. They were built by the Pennsylvania Steel 
Works, at Steelton, Pa.; Cleveland Rolling Mill, at New- 
burg, near Cleveland; the Shoenberger Works, at Pitts- 
burg, and many others, among all of which the Car- 
negie Works, at Homestead, was the most important. 
This is to-day the largest open-hearth plant in the world, 
consisting of 48 furnaces, of a capacity of from 40 to 5v 
tons each, having a total capacity of at least 1,300,000 
tons per annum. The size of furnaces has increased from 
the little 5-ton furnace at Trenton and Boston up to thos» 
having a capacity of 50 tons, which is the average size 
now being built. Furnaces of this size nominally, at Ens- 
ley, Ala., have made heats yielding 74 gross tons of 
ingots. 

Furnaces of 100 tons capacity are being built, and de- 
signs have lately been made for a furnace which will 
probably be built of 200 tons capacity. These large fur- 
naces, however, are not properly melting furnaces, as the 
bulk of all the iron is charged into them in a liquid state, 
direct from the blast furnace. They might more proper- 
ly be called ‘‘converting furnaces.’’ 

The output of open-hearth steel has grown from 893 
tons in 1869, to 3,402,552 tons in 1900, against 6,684,770 
tons made by the Bessemer process in 1900. But few 
new Bessemer converters have been built in this coun- 
try for several years, and it is not likely that many more 
will be built. The production of basic open-hearth steel 
in this country will soon exceed the Bessemer in ton- 
nage. Holley used to say, ‘‘The open-hearth process will 
some day go to the funeral of the Bessemer.’’ It will be 
many years before that will come to pass, but the day 
is not far distant when the great bulk of all the steel in 
this country, at least, will be made on the open-hearth of 
the Siemens regenerative furnace by the basic process. 


ANNUAL MEETING OF THE NEW JERSEY SANITARY 
ASSOCIATION. 


The annual meeting of the association was held at 
Lakewood, N. J., Dec. 6 and 7. The opening session was 
occupied with a presentation of ‘‘The Legal and Sanitary 
Status of Garbage Disposal in New Jersey.’’ The legal 
aspects of the subject were set forth in a comprehensive 
paper by Mr. Edwin B. Goodell, Attorney of the Mont- 
clair Board of Health. Under specific legislative acts 
passed in the last six years any city may collect and cre- 
mate garbage, or contract for the same; cities of 12,006 
or less, instead of being limited to cremation, are per- 
mitted to solve the garbage disposal problem in accord- 
ance with their best judgment; all municipalities, regard- 
less of size or class, may grant franchises for garbage 
crematories. 

The sanitary aspects of the subject were presented by 
Mr. M. N. Baker, of the editoria] staff of this journal. 
From information collected for a forthcoming ‘‘Munic- 
ipal Year Book’’ it was shown that of 57 incorporated 
places of 3,000 inhabitants and upwards in New Jersey 
four only have improved means of garbage disposal. At- 
lantic City, Camden and Trenton, have garbage crema- 
tories, while at Paterson a private company treats the 
garbage by a partial system of reduction. 

In the discussion on these papers Dr. Henry Mitchell, 
Secretary of the State Board of Health, said that a weak 
point in the sanitation of the state had been pointed out. 
In the provision of pure water for its inhabitanta New 
Jersey is ahead of most other commonwealths, but it has 
done very little in the way of garbage disposal. A member 
from Atlantic City told how $130,000 or so had been ex- 
pended in garbage furnaces there, half of which was prob- 
ably needless expenditure due to bad management and 
lack of good engineering, Dr. J. L. Leal, of Paterson, 
said that the contract price for the collection and dis- 
posal of garbage, ashes and dead animals in Paterson is 
now $30,000 year. 

The evening session was opened by the address of the 
president, Mr. Herbert Baldwin, City Chemist of New- 
ark, N. J. His topic was ‘‘The Public Water Supplies of 
New Jersey.” He showed that few if any of the states 
of the Union have so large a proportion of their inhabi- 
tants under public water supplies as does New Jersey. In 
1900, the state fell below Massachusetts in its typhoid 
fever mortality, New Jersey showing 19 deaths per 100,- 
000, against 22 for Massachusetts. The demand for more 
and better water in New Jersey is being met by rapid in- 
creases in the development of both underground sup- 
plies and filtration works. There are now eight mechan- 
ical and three slow sand filtration plants in the state and 
soon there will be completed a large mechanical filtration 
plant at Little Falls, N. J. (see Engineering News, May 9, 
1901). 

A paper was read by Prof. Olin H. Landreth, of Schen- 
ectady, N. Y.,on ‘“‘The San'tary Aspects of the Reclama- 
tion of Meadow Land."' The author traced in some de- 
tail the benefits due to marsh drainage in different parts 
of the world, as shown by mortality statistics and the 
opinions of local observers. He thought it was hardly 
proven, as yet, that the only reason why marsh lands are 
malarious is because they are breeding places for mos- 
quitoes; or, at least, that other qualities of marshes are 
not predisposing causes of malaria. 

Mr. Wm. Lyman Underwood, of the Massachusetts In- 
stitute of Technology, told how Belmont and Cambridge, 
Mass., had drained some marsh lands, with a subsequent 


decrease in malaria. He also cited facts, ;, 
experience, to show that goldfish eat mosquit 
gested that others might, like himself, int; 
lillies and gold fish in ponds where the use 
would be objectionable, thus providing pica. 
as well as killing mosquitoes. A gentleman » 
sided in Palestine confirmed the statements ; 
efficacy of gold fish in the destruction of mosy 
Mr. H. Brewster Willis, of New Brunswick, , 
president of the association for the ensuin- ea q 
Dr. Jas, Exton, of Arlington, was re-elected «. , 


NOTES FROM THE ENGINEERING 


WORCESTER POLYTECHNIC 
This is, we believe, about the only ene 
school in the United States where «) 
manufacturing werk is carried on. At th 
burn shops of the Institute special dril|-; 
machines are manufactured under paten: 
by the Imstitute. The validity of thes 
has been the subject of litigation for thr 
past, but we are informed by Mr. C. A. i 4 
ler, the Superintendent of the shops, tha : Ey 
cision has just been rendered by Judge \\ in 
the U. S. Circuit Court for the Northern | 
of Ohio, in which these patents are fu 4g 
tained. 


MAGNALIUM is an alloy of magnesium and a! 
that is only now being studied as to its true p: 
owing to a previous difficulty in obtaining the m: 
pure state. As quantities of magnesium, vary) 
5 to 30%, are added to the aluminum, a harder and le . be 
alloy is obtained, and the 30% alloy has a hari BS 
termediate between that of bronze and steel; with 
magnesium the alloy becomes very hard, but is 
will break under a hammer blow, but it takes a 
ficent polish. The most useful alloys, however, ar: 
containing from 25 to 30% of magnesium. The c! 
stability of the alloy is slightly superior to that o 
two metals separately; and this alloy can be easily 
into very complicated but homogeneous forms. | 
paring this alloy the two metals are melted separat: 1 
the liquid aluminum is poured into the liquid mag: 1 
at a temperature of 650° C. The cost of this alloy 
“‘Le Genie Civil,”’ is still considerable, but its manufa 
on any large scale wouJd much reduce the present 


A “TANGENTIAL IMPACT” WATER WHEEL. 


There has recently been put upon the mar! 
a new style of impulse water wheel, built u 
the patents of Mr. Jared R. De Remer, of De: 
Colo., and described by him as a “tangential 
pact” water wheel. 

In general appearance and arrangement the ! 
impulse wheel is similar to the well-known ex 
ing types; it has a series of buckets arrang«:! 
the circumference of a power.wheel mounted ai 
jacent to one or more,nozzles, each of which (= 
charges a jet of water tangentially to the wh! 
against the buckets. The buckets are of unusu:! 
form, which form constitutes the main paten'! 
feature in this wheel. One of the buckets is show: 
at the left in Fig. 1. The holes in the upper si 
are for bolts for attaching the bucket to the wh 
rim; the direction of the water-jet would be a 
most normal to the view-plane. The transvcrs 
wedge-shaped diaphragms are intended to ;1 
vent motion of the water in the bucket, and th 
shape of the sides, tapering back to form a pocke! 
in the center line of the bucket and in the plane 
of the wheel, is designed to contribute to the sam 
end. The smaller wedge-shaped body runnin: 
transverse to the diaphragms is intended to a! 
as a “splitter,”” and according to the inventor 
is “of sufficient dimension only for the cutting-: 
stream to drive the water far enough to the sid: 
to clear the following buckets.”” A diagrammat: 
section of the assembled wheel is shown at t! 
right in Fig. 1. The position of the buckets rel. 
tive to the wheel is shown here, as is also the 1 
lation of both to the incoming stream of wat: 

The form of bucket shown is a developme! 
of the inventor’s original idea exhibited in th 
patent specifications. The claims and drawing 
of the patent show a bucket “having on the inne: 
face of its outwardly projecting portion a serie: : 
of corrugations concentric with the periphery 
the wheel, and also having concaved sides ex 
tending from the ends of said corrugations.” Th: 
specification describes the action of the bucket a< 
follows: “Upon the watep striking against then 
(the corrugations) it will be held, so to speak, 


*By the De Remer Water Wheel Co., of Denver, Colo 


| 
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a » better position to act than was its pre- 
i ye: vear ago. That body had before it only 
si inary report of the Isthmian Canal Com- 
ee »oblished in Engineering News December 
-_ 7, 1900). The present Congress has. re- 
a se complet2 report of the Commission, and 
fuller and more complete data to guide 
A than has ever before been available. 

. -he advance abstracts issued to the press, 
. rs that the Commission’s final recom- 
is ns differ little from those contained in 
th suinary report a year ago. The Nicaragua 
im : favored as it was a year ago; but a 
a comparison is made between it and 
the nama route. The final estimate of 
om - the Nicaragua route is $189,864,000, as 
‘ ed with $144,233,000 for completing the 
Pa «4 work; but the cost of buying out the 
Pa » concession is set at $109,141,000. The 
est ‘o of the cost of operating and maintaining 
the »o canals is $1,350,000 larger for the Nicara- 
gua canal, but it can be completed in eight years, 


wh ten years would be required to finish the 
Panama work. The Nicaragua route is more ad- 
vantageous for commerce except that to the west 
eoast of South America, is better for sailing ves- 
sels and offers better hygienic conditions. 

\lreadv bills providing for the construction of 
the Nicaragua canal have been introduced in both 
houses of Congress, and while more cr less delay 
is certain before they can pass through the neces- 
sary routine and be reached on the program of 
legislation, it seems well-nigh impossible that any 
obstruction can avail to prevent their passage. 
So strong is the sentiment in favor of such legis- 
lation that the committees having such bills in 
charge can well .fford to take the time for care- 
fully studying the measures presented and pro- 
viding not only for the construction of the works 
but that such construction shall be carried on 
with the greatest possible safeguards against 
corruption, extravagance, or incompetent man- 
agement. 

We have always urged that when the work is 
finally undertaken it should be placed in charge of 
a thoroughly competent commission. This is the 
plan of procedure which has been followed with 
the most excellent results in a large proportion of 
the great public works which have been carried 
out by municipalities and states during recent 
years. Such works as the New York Rapid Tran- 
sit Railway, the Boston Subway, the Chicago 
Drainage Canal, the New Orleans Drainage sys- 
tem, the Detroit Public Lighting system are 
examples of works carried out under this plan. 

At least one bill already introduced in Congress 
provides for the construction of the Nicaragua 
Canal by such a commission as we have sug- 
gested. It is much to be hoped that this feature 
may be embodied in whatever measure finally 
receives the approval of Congress. 


LETTERS TO THE EDITOR. 


Why the Keystone Dropped. 


ir: The vertical joints of the keystone on the Ports- 
mouth school building (Eng. News, Dec. 5) were im- 
properly, “if ever,’’ made, and the pointing held it in 
place until the settlement. The reason that the arch did 
not settle uniformly, was that the other joints between 
the stone forming the arch, being well made up, were 
well plastered, forming a secure bond. The two half 
irches acted as cantilevers. 5.8. A, 

New York, Dec. 7, 1901. 


8 


(Another New York correspondent gives a dif- 
ferent explanation; but the above is doubtless the 
correct reason.—E4.) 


> 


Temperature Stresses in the Stiffening Trusses of 
Suspension Bridges. 

Sir: I find in your number of Noy. 28, under the above 
jucted heading, a letter by Mr. Lindenthal expressing 

ews on this subject directly opposite to those advocated 
®y me in previous numbers of your paper. 

"he whole design of suspension bridges depends upon 
‘se correct calculation of the stresses here considered 
'f the views of Mr. Lindenthal and Professor Melan were 
orrect, @ suspension bridge with three hinges and high 
stiffening trusses would be an uneconomical and absurd 
lesign. The same would apply toarches with three hinges. 
Mr. Lindenthal states that he was the first to draw 
‘ttention to the very large temperature stresses in. high, 
.ree-binged stiffening trusses of suspension bridges. 


Such an assertion, differing from the prevailing views 
of other authorities, should be accompanied by proof of 
its truth All the proof given by Mr. Lindenthal and 
Professor Melan is substantially as follows: 


of span an angle & with the horizontal. The forces act- 
ing at the center of caoles are as in Fig. 2. 

If H is the horizontal component of stress in cables and 
w is the load per lineal foot of bridge carried by cables, 


Fig.l. 


We consider a three-hinged stiffening truss such as is 
shown in the accompanying Fig. 1 supported from cables 
which are so ad usted that they are parabolas at a given 
load and temperature. If either the load or temperature 
or both increase, the cables lengthen and they and the 
trusses drop at the center. If the trusses of each half- 
span remained stiaight, the cables of the two half-spans 
would, if the lengths of suspenders are unchanged, form 
angles at the center, as shown by the heavy dash and dot 
line. But the trusses are flexible; according to Prof. Melan 
this reduces the angles of the cables at center. Mr. Lind- 
enthal and Professor Melan assume for the purpose of 
calculating the temperature stresses that each cable in its 
lower position, as well as in the upper one, is one para- 
bola from end to end of span They then find that the 
consequent deflection of the suspended stiffening trusses 
of each half-span, at their centers, is equal to one-quarter 
of the drop of cables at center of span. From this de- 
flection of stiffening trusses, the stresses in their chords 
are calculated. 

Professor Melan concedes that the cables in their lower 
positions are not parabolas exténding from end to end of 
the span, but form angles at the center of the span, and 
that the formulas he obtains for the temperature stresses 
in stiffening trusses give therefore excessive results. He, 
however, believes these results to be approvimate. 

The whole argument by means of which Mr. Lindenthal 
and Professor Melan obtain their formulas stands and falls 
with the truth or falsity of the proposition that the cable 
in each position is one parabola with its vertex at the cen- 
ter of the span. Neither of them gives any proof of even 
the approximate truth of this proposition. The formulas 
derived from it are of little value and are grossly mis- 
leading as will appear from the proof which follows. 

I gave in your number of Nov. 7 a proof for the calcula- 
tion of temperature stresses in three-hinged stiffening 
trusses of suspension bridges, applying fo the usual case 
when the spans of cables and stiffening trusses are differ- 
ent. The proof becomes much simpler if both these spans 
are alike, as is assumed by Mr. Lindenthal and Professor 
Melan. 

Mr. Lindenthal is not convinced by my proof and tries 
to show the absurdity of my formulas by applying them 
to shallow stiffening trusses. He overlooks my statement 
that the formulas give approximate results only for high 
trusses, and that a correction, taking account of the de- 
flection of the stiffening trusses, must be made for low 
ones. 

The results obtained by my formulas are, however, too 
large in every case and are, therefore, always on the safe 
side. The correction necessary for shallow trusses was 
made in the Brooklyn Bridge report. 

I will now give the simpler proof for the case when 
cables and stiffening trusses have equal span, with the 
correction necessary on account of the flexibility of the 
stiffening trusses. 

We assume the cables of the whole span to be parabolas 
for a given load and temperature. If either load of tem- 
perature or both increase, the cables lengthen and take a 
lower position. The two half-spaps of stiffening frusses, 
which we assume to be horizontal for the original position 
of the cables, drop at the center and meet there at an 
angle. 


~ 


2P= 2H tana 
Fig.2. 


We will first consider the stresses that would arise if the 
stiffening trusses were rigid and afterwards take into ac- 
count the effect of their deflection. If the stiffening 
trusses of each half-span remained straight, thelr angle 
at the center of the span with the horizontal would be & 


where tan & = ——; 6 being the drop of cables at cen- 
1 


ter of span and | being the span. 

We will assume the suspenders very near together, so 
that the cables are curves and not polygons. In this 
case the cables, being held by the suspenders at a fixed 
distance from stiffening trusses, will also form at center 


inclusive of their own weight and if h is the dip of the 
cables, then 


The cables will exert an upward pull 2P at center 
of span, equal to 2H tan &%. One-half of this will go 
into the stiffening trusses of each half-span. If we in- 
troduce the values of H and tan &%, above found, we 
obtain 


As shown in your number of Nov. 7, the cables in each 
half-span will be parabolas, the suspender pulls will 
therefore be uniform between ends of half-spans. The 
forces acting on each half-span in consequence of the drop 
of cables at center are therefore a uniform force extend- 
ing over the whole length of half-span, a force equal to P 
acting at center of span and an unknown reaction aft end 
of span. This unknown reaction must evidently be equa! 
to P since the half-span is uniformly loaded. The ver- 
tical forces acting on the half-span are therefore two end 
reactions each equal to P, and the uniform downward 
force T per lineal foot of half-span. The equation stat- 
ing that the vertical forces are equal to 0 is: 


T.—-—2P=0. 
2 
Therefore 
4P 
1 
Ir we introduce for P the value above found we obtair, 
wid 
h 


This formula is obtained from that given in your number 
of Noy. 7, if in the latter, L is made equal fo | and (w + q) 
is changed to w which latter has now the same meaning as 
(w + q) had formerly. The result of the drop 8 of cables 
and stiffening trusses at center of span is therefore the 
same as the application of a load T per lineal foot of 
bridge on a span equal to the half-span of stiffening 
trusses and freely supported at both ends. This result 
enables us to calculate the temperature stresses which 
would exist if the stiffening trusses were absolutely rigid 
In reality these frusses are flexible and are bent down 
wards in consequence of the temperature stresses in 
them. The cables connected with them are bent down- 
wards the same amount as the corresponding points of 
the trusses below. The curvature of the cables is fthere- 
by increased. This has the effect of increasing the 
suspender pulls and diminishing the load which has to be 
carried to its ends by each half-span of stiffening trusses. 
The angle of stiffening trusses of the two half-spans meet- 
ing at cenfer of span, and that of the cables just above is 
diminished, and the force acting on stiffening trusses at 
center of the span is thus reduced. 

Since doubt has been expressed on this subject, I give 
in the following a method of calculating the effect of the 
flexibility of the stiffening trusses on their temperature 
stresses. 

If d is the depth of stiffening trusses, and if the unit 
stress per square inch in their chords due to temperature 
stresses is s, then the trusses of each half-span will be 
bent approximately in fhe are of a circle. The diameter 
of this circle is: 


Ed 
= 
The deflection at center of half-span is: 
Ps 


» = = ¥ 
16D 1Ed 
The angle between tangent to bent axis of half-span at 
center of span, and its straight axis is # where 
27 87 1s 
1 1 2E4 
4 
The angle of tangent to bent axis of half-span, at cen- 
ter of span, with the horizontal is (% — 3). Since botb 
angles are small, tan (% — ts approxi- 
mately equal to 
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Apropos of our remarks in our last issue con- 
cerning the failure of the St. Lawrence route for 
export traffic to fulfil the extravagant prophecies 
made concerning it, the following figures which 
have just come to hand speak more eloquently 
than words. They are the record of the foreign 
shipping at the port of Montreal during the past 
four seasons of navigation: 


1898. 1899. 1900. 1901. 
No. of ships ...... 516 434 416 376 
Tonnage 3,212,747 1,002,955 1,038,234 988,018 
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At the annual meeting of the American Society 
of Mechanical Engineers last week, the proposal 
to increase the annual dues of the society to $25 
per annum was “snowed under” by a vote of 647 
to 191. The long debate which preceded the ballot, 
and of which we have given a summary in our 
report of the meeting els2where, revealed a condi- 
tion of the society’s financial affairs and a method 
—or lack of method—in the conduct of its business 
which was in itself the amplest justification for 
every ballot cast against the proposal to raise the 
rate of dues. 

The member of the Council (the society’s gov- 
erning body) who opened the debate with a mo- 
tion to raise the rate of dues, in the same breath 
informed the members that during the past four 
years the society has accumulated a debt to its 
printer of over $13,000 (a net deficit of about $10,- 
000 when collectible cash assets are deducted). 
Later developments in the discussion showed that 
not only has no report of this deficit ever been 
made to the members, but it was confessed that 
the Council itself was ignorant concerning it until 
its meeting on Oct. 31 last. It must be under- 
stood that, while the society has been running in 
debt to its printer, it has at the same time been 
paying off its second mortgage bonds out of the 
surplus which was accumulated by the simple de- 


vice of letting its debts go unpaid. In the annual 
reports of the Council and of the Finance Commit- 
tee, the society has been represented as in a highly 
prosperous condition. A year ago, for example, 
the report announced the payment of the second 
mortgage on the society’s house, and that steps 
would next be taken to gradually reduce the first 
mortgage. Thus the membership, and by its own 
admission the Council itself, has been misled as 
to the society’s real financial condition. 
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With a most singular lack of judgment, it was 
attempted to meet this deficit, which has amount- 
ed on the average for the past four years to $2,500 
per year; by carrying through a proposition to so 
increase the membership dues as to give the so- 
ciety an increased income of about $20,000 a year. 
One member of the Council, with some display of 
temper, declared that it was the intention of the 
Council to keep this proposal’to increase the dues 
as quiet as possible, until the matter was brought 
up at the annual meeting, and that had it not 
been for the public discussion of the topic in the 
technical journals the plan would have been car- 
ried through. 

We should be sorry indeed, however, to believe 
that the Council as a whole deliberately adopted 
any such policy of secresy. In fact, the dis- 
cussion revealed that the statements in official cir- 
culars to the effect that the Council and the Past- 
Presidents of the society were unanimous in fa- 
voring the increase of dues were wide of the mark. 
One Past-President headed an organization of 
New York members which led the opposition to 
the proposed increase. Another frank member of 
the Council confessed that until a very recent 
date two-thirds of the Council were strongly op- 
posed to the increase. Other Council members 
who took part in the discussion withdrew their 
support from the measure. 


It is only too evident that the officers and Coun- 
cil of the society have been in ignorance of the 
widespread dissatisfaction among the membership 
of the society with various features in the conduct 
of its affairs. The proposal to raise dues which 
are already larger than those of almost any other 
engineering society, has brought out a general ex- 
pression of this dissatisfaction, and has been with- 
out doubt a revelation to the Council which will 
be of great value in influencing it to effect re- 
forms. In fact it was announced at the meeting 
that it had already taken steps to reduce the so- 
ciety’s expenditures by four or five thousand dal- 
lars per annum, and had also resolved to appoint 
a special committee to ascertain what steps should 
be taken to effect further economies and to re- 
move causes for criticism on the part of members. 


> 


Subways for pipes and wires in New York city 
is one of the well-chosen subjects for investiga- 
tion in 1902, proposed by the Merchants’ Associa- 
tion of that city. As is well said in the December 
bulletin of the association, the proposed exten- 
sion of the rapid transit system to the lower part 
of Manhattan Island affords an opportunity to 
install pipes and wires that should not be neg- 
lected. Before the work can be entered upon, 
however, legislation will be necessary, and to ob- 
tain that, public sentiment must be aroused to the 
desirability of the plan. The Merchants’ Associa- 
tion will do a great service to New York, and to 
other cities, if it will present in a lucid manner 
the possibilities and advantages of subways for 
pipes and wires. 

In our issue of March 15, 1900, we described the 
various European subways for pipes and wires, 
and advanced some of the many reasons for in- 
troducing them in New York city. Subsequently, 
it will be remembered, they were included in the 
plans for the Elm S8t. section of the rapid transit 
scheme, only to be given up later, on account of 
various complications. Sooner or later, subways 
are bound to come in the most crowded streets of 
our largest cities. It would be a pity if New 
York should again miss so excellent an oppor- 
tunity to initiate the system. 


> 


Whatever opinion one may heretofore have held 
on the relation between mosquitoes and yellow 
fever, the experience of Havana, Cuba, during 


— 


the month of October, can hardly fa: i 
garded as striking evidence that the we 
spread by that troublesome insect. 
ber report of W. C. Gorgas, Major an = 
U. S. A., Chief Sanitary Officer of Ha: 
stated that not a single case of yellow 
reported during the month, whereas: 


The maximum number of deaths from yelloy 
1889, for this month, occurred in 1896, When ous 
deaths; the minimum, in 1899, when we ha — 
the average, 66.27 deaths; this year, no de os 
cases. Last year, 1900, we had for October, *: 
74 deaths. 

As an explanation of this happy cond 
jor Gorgas says: 


The only change between last year and :) 
since February we have carefully killed al! » 
the neighborhood of every focus of infection 
curred. The infected house and all the adja 
in every case, have been carefully disinfected 

He also states that there has been an 
ment in yellow fever conditions ever « 
of the present year. 

So firmly are Major Gorgas and his 2 
convinced of the soundness of the mosquit 
that the clothing of yellow fever patien 
longer disinfected. In fact, nothing has b< 
of late, to prevent the spread of the diseas, 
“to kill the mosquitoes which had bitte: 
person, and to prevent any more mosquit 
biting, after the case was discovered.” 


THE NICARAGUA CANAL IN CONGRESS 


A year ago, just prior to the assembling Con- 
gress, we expressed the opinion that a bil! the 
construction of the Nicaragua Canal 
passed during the session. That prophec) (iijleq 
of realization on account of the opposition which 
developed to the ratification of the Hay-Paince- 
fote treaty with England to supersede |! Id 
Clayton-Bulwer convention. The failure +> rat- 
ify the treat} was a practical bar to the enac!ment 
of any legislation for the construction of an Isth- 
mian canal, and was so recognized by the ables: 
leaders in Congress. So, notwithstanding the al- 
most certain prospect of the passage of a cana! 
bill with which the session opened, its certain 
failure was speedily evident. 

At the opening of a new session of Congress 
however, we venture again to predict the passag 
of a bill for an Isthmian canal—and that cana! 
the one at Nicaragua—at the present session o! 
Congress. As all our readers who follow the 
newspapers are aware, a new Hay-Pauncefote 
treaty has been framed, has been presented to 
the Senate for its approval and has been favor- 
ably reported to the Senate by a unanimous vote 
of the Committee on Foreign Relations. At this 
writing the final vote in the Senate is still to b 
taken, but many of those who opposed ratification 
last year have had their objections removed by the 
changes which have been made in the new instru- 
ment, and from all accounts a favorable vote is to 
be confidently expected, and may even be recorded 
by the time this issue of Engineering News 
reaches its readers. 

The new treaty supersedes in direct terms the 
ClaytoneBulwer treaty and enables the United 
States to undertake the construction of the canal 
and to have the exclusive right to its manaze- 
ment and regulation. The United States agrees 
to make the canal a neutral waterway on (hi 
same basis as the Suez canal and assumes entire 
responsibility for its neutralization. It will be 
seen that the clause in last year’s treaty whic! 
contemplated a general international agreement 
for the neutralization of the canal has been e!lim- 
inated from the present instrument. This is 4 
manifest improvement, since. questions relating to 
the control of the canal are now effectually - 
moved from the field of diplomacy, and the rd 
tape and risk of international complications grow- 
ing out of such questions are obviated. 

With this treaty ratified, the next step wil! |» 
the completion of the necessary arrangem::'s 
with Nicaragua and Costa Rica. With the former 
government, indeed, negotiations are said to hiv: 
been already concluded. A press dispatch from 
Managua on Dec. 9 reported the signing o! 4 
protocol for a perpetual lease to the United Staivs 
of a 6-mile strip along the line of the canal. Tus 
the way will be cleared for direct action by Con- 
gress looking to the work of construction. 

From another point of view, the present Co'- 
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The angle of tangent to cable at center of span with the 
horizontal will also be reduced to (% — (3). The force 
acting on stiffening trusses of each half-span at center of 
span, due to drop of cables, will therefore be the force P 


tan (% — 
which corresponds to angle &% x 


tan & 


The temperature stresses will be reduced by the bending 
of stiffening trusses produced by them in about the same 
ratio as the force acting on stiffening trusses at center of 
span. Since the curvature of cables is nearly uniformly 
increased over the half-span, the suspender pulls will 
still be practically uniform over it. The correction here 
made is not exact, but closely approximate. 

The value of s in above formulas can only be ascertained 
after the general dimensions and the sections of the chords 
of stiffening trusses are determined. 

To ascertain the amount of the temperature stresses in 
stiffening trusses with three hinges and the amount of the 
correction due to deflection, a concrete example will now 
be taken. 


We take: 
1 == 2,800 ft.; d = 140 ft.; 
w 38,000 Ibs. ; 6 = 3.7 tt. 
h = 850 ft.; 
We obtain: 

wé 3.7 

= 38,000 x = 402 
h 350 


If there are two stiffening trusses, the force due to 
T 

change of temperature acting on each will be —— per 
2 


lineal foot. This force will act downward for a rise, and 
upward for a fall of temperature. 
The stress produced in chords at center of the half-span 
Tr 201 x 2,800? 
— = _ 175,875. 
644 64 x 140 
The w 38,000 Ibs. includes a dead load of 30,000 Ibs. 
and two-thirds the live load of 12,000 Ibs. per foot. The 
stiffening trusses of such a bridge would have chord sec- 
tions of about 3%) sq. Ins., at center of half-spans. The 
stress per square inch in chords would therefore be 
175,875 
8 = 502 Ibs. 
The deflection at center of half-span would be 
= ().72-in. 
16 « 29,000,000 « 140 « 12 
It is more nearly correct to assume the stress per square 
inch in chords produced by temperature changes uniform 
over the whole length of span, than to take the moment 
of inertia uniform. The latter is far from true, while 
the former is approximately so. The deflection formulas 
based on a circular deflection are therefore prtferable to 
those based on a uniform moment of inertia. We find 
from the above assumed dimensions and weights: 


26 74 
tar = — ——— 0.00264. 
l 2,800 
By the deflection of stiffening trusses the angle @& is 
reduced by an angle B where 
0.72 x 2 
tan = 0.000171. 
700 12 


B is the angle formed by the tangent to center line of 
stiffenirg truss at center of span with the straight line 


which would be the center line of truss if It were rigid. 
We obtain from above 


tan(% — 0.00264 — 0.00017 — 0.00247. 


The corrected force acting on the stiffening trusses of 
one half-span at center of span is approximately the 
former force 

0.00247 
P x = 0.94 P. 
0.00264 

The temperature stresses given by the formula which 
was derived by neglecting the bending of stiffening trusses 
are therefore, in the case in hand, about 6% foo large. 

The drop of 3.7 ft. at center of span due to rise of tem- 
perature, from mean to maximum, and the equal rise due 
to a fall of temperature, are not the only causes of 
changes in elevation of cables at center of span and of 


consequenf stresses in stiffening trusses. The variation 


in amount and position of moving load is another cause. 
For the calculation of sections of stiffening trusses we 
want, not the largest stresses due to change in eleva- 


tion of center of span, but those which coincide with the 
largest stresses in stiffening trusses due to moving load. 
The latter occur when from one-third to two-thirds of the 
span is loaded We need, therefore, to consider only 
those changes in elevation of center of span which are 
due to the change of moving load from a maximum load 
covering one-third to one covering two-thirds of the span. 
The change of elevation due to this difference in moving 
load should be added to the change of elevation due to 
changes of temperature. The stresses should be calcu- 
lated for half the fotal change of elevation at center of 
‘pan, and for a value of w equal to the dead load plus two- 
thirds the moving load per foot of bridge, since this is 


the largest load coinciding with maximum stresses in stiff- 
ening trusses. The cables should be so adjusted that 
they form one parabola from end to end of span at the 
mean dip. Then the temperature stresses are in every 
member equal amounts of compression and tension. 

The general dimensions and loads assumed in the 
example are approximately those of an actual design. If 
the changes in elevation of center of span due to changes 
of moving load are taken into consideration, 6 becomes 
slightly larger than assumed, but the total stresses in 
stiffe-” ¢ trusses due to the change of elevation of center 
of span remain below 4% of the stresses due to moving 
load. The correction due to consideration of flexibility 
of stiffening trusses amounts to about 4% of the stresses 
from moving load. It may therefore well be neglected 
with high stiffening trusses. 

According to Mr. Lindenthal and Professor Melan, the 
deflection of stiffening frusses at center of half-span due 
to change of temperature from mean to maximum, would 
be \% of 3.7 ft.. or 11.1 ins., instead of 0.72-in., and the 


11.1 
temperature stresses would be ‘on == 15.4 times as 


large as calculated by me. 

I believe it is evident to any one who carefully follows 
this argumenf, that the statements made by Mr. Linden- 
thal asserting the absence of end reactions, except for un- 
equally distributed moving loads, are not self-evident. 
They are only rough approximations to the truth. 

With three-hinged stiffening trusses, the end reactions 
due to the total change in length of cables from mean to 
maximum amount to about 4% of the largest end reactions 
produced by unequally distributed moving load. The 
change in length of cables is due partly to change of tem- 
perature, and partly to change of tension in them. It is 
assumed that the bridge is so adjusted that the end re- 
actions are © with mean temperature and mean load. 

If there is no center hinge, these end reactions due to 
change in length of cables are evidently very much larger 
than with a center hinge, other things remaining the 
same. Any formulas for the calculation of stiffening 
trusses without center hinges which neglect these end 
reactions are therefore grossly misleading, unless the 
stiffening trusses are very shallow. If their depth is only 
about 2/,o0 of the spaa then such formulas becomes more 
nearly correct. 

Mr. Lindenthal states in his letter of Oct. 24 that one of 
the aims in sfrengthening the Brooklyn Bridge must be 
greater rigidity vertically and horizontally. The infer- 
ence from this that he believes the existing stiffening 
trusses not rigid enough, seems natural, and we thought 
it justified. In the same letter he seems to doubt that 
the anchorage bents in shore spans have been suggested 
before he introduced this feature in some of his designs. 
In Colonel Roebling’s report of January, 1882, the state- 
ment is made that an early design with anchorage bents 
in shore spans had been proposed for the Brooklyn Bridge. 

I entirely agree with Mr. Lindenthal that the subject 
of strengthening the Brooklyn Bridge needs much more 
study than it has yet received before a definite recom- 
mendation in regard to it can be made. The recommen- 
dations made in the recent report on the Brooklyn Bridge 
are too general to allow, without protracted study based 
on more complete plans of the present stricture, a posi- 
tive judgment as to their adequacy and practicability. 
Complete strain sheets and general plans of the 
strengthened structure would be needed to clearly prove 
that a perfectly safe bridge can be created by the means 
suggested in the recent report. After Mr. Lindenthal’s 
last remarks on the present stiffening trusses of the 
Brooklyn Bridge, there remains very liftle difference be- 
tween his positive views on this subject and those ex- 
pressed in the recent report. The purpose of the recent 
report was to ascertain whether the bridge is safe, and 
who is responsible for its defects. The proper remedy for 
the existing defects was only incidentally suggested in it, 
and could not be exhaustively treated in the limited time 


available. Joseph Mayer. 
No. 1 Broadway, New York, Dec. 3, 1901. 


Mr. Fteley’s Reply to the Experts’ Report on New Croton 
Dam and Jerome Park Reservoir. 


Sir: In your issue of November 28 you publish the Report 
of a Board of Engineering Experts to the Aqueduct Com- 
missioners, in which they criticise the plans of parts of 
the New Croton Dam and of Jerome Park Reservoir, and 
present especially decided objections to the former 

THE NEW CROTON DAM. 

The dam is sufficiently described in the beginning of 
the report: the side hill overflow and the heavy body of 
masonry forming the central body of the dam, although 
the latter 's of unprecedented height, appear to meet with 
their approval, their objection being limited to the south- 
ern end, which is formed of an earth embankment with a 
heavy core-wall. 

I do not think that the report gives an exact jdea of the 
existing conditions at that point. The side hill on which 
the embankment is to be built is formed of extremely 
compact material, the character of which may be under- 
stood from the fact that the deep trench in which the 
lower part of the core-wall is built was sunken down, 
with vertical sides, without the slightest indication of any 


pressure oF movement in the surrounding ; 
in view of possible motion of the materia 
oughly supported and braced with heavy ¢); 

In instances of this kind, when a rock 
found within accessible distance under th 
of a dam, it is very usual to abandon the ; 
and to let the foot of the core-wall step up 
materials of the side hill; such is the mode 5 
adopted for the terminal embankments of 
for the western embankment of Bog Brook 
embankments of the Main Carmel Dam ar; 
others. In the present case, however, the « 
extended down to the underlying rock into w 
was excavated to receive the foot of the » 
rangement presents the additional advantage 
ing the high wall on an unyielding foundatio; 

At the southern end of the central body 
where the embankment begins, the height o 
of the side hill originally stood at an eley.: 
than 60 ft. below the higher water mark o 
voir; from that point south this depth gra‘ 
ishes down to nothing. A large excavat! 
made in the side hill to accommodate the ea: 
the pits necessary for the construction of + 
dam and of the wing-wall; these pits are ob, 
refilled and it is through them that the large 
2, of the report is made. I contend that this 
not give a true idea of the real condition of : 
begin with, why did not the experts show . 
Fig. 1, the location of their ‘“‘line of least 
The report (see the accompanying illustration 
that this line, developed on Fig. 1 (in our is Noy 
28--Ed.) is as here represented in heavy di 1 dot 
lines on the experts’ plan at A, B,C, D.* To 
will form an opinion, possibly without reading 
carefully, the profile, Fig. 2, will convey a: 
different from what the facts would warrant. 

I may here point to the fact that, when buil | 
Dam, an extensive earth excavation was also 
the side hill on the north side of the masonry 
order to establish its footing and that of the ad 
wall on the rock foundation and, if a s: 
structure were made on a similar “‘line of least ; 
it would show the core-wall with earth emban| 
each side, on a minimum slope of 1% to 1 wit! 
of 100 ft. A profile made on this ‘“‘line of least 1: 
at Titicus Dam, in juxtaposition to profile No would 
show a result in favor of the New Croton Dam. 

Let us consider the two embankments of the dam se; 
arately, as they are called upon to'‘act in a very (i fere; 
manner. 

The up-stream embankment will be in the witrr, ani 
the lower and larger part of it will repose, no: agains: 
the core-wall, but against the main dam from A to § / 
plen herewith). When fluctuations occur in the reser 
voir, they will be so slow, on account of its ¥ e 
that it may be said that no water will flow throuch th 
bank with sufficient velocity to displace any part 
earth; the only conditions left to be fulfilled are 
sequently, that the embankment will be sufficien'!y wat 
tight, and that it will not slough off or be washed off « 
the surface; the last condition will be met by verir 
the slopes as shown in the plans and specifications, wit! 
a layer of broken stone with heavy paving upon |t 

As to the condition of water tightness, it is sufficiently 
met, in my opinion, by the character of the materials to 
be used, which I have observed continuously for several! 
years while refilling the excavation for the main dam 

The up-stream bank of Titicus Dam, which fs near! 
100 ft. high, with a simlar slope, was built with materials 
finer than those used at Croton Dam, and, barring a slow 
and perfectly regular vertical settlement, which was ex 
pected, has acted in a very successful manner. Fr sev- 
eral yedrs, whenever the height of the reservoir per 
mitted, exact measurements were taken and the slon 
has never shown any mark of disturbance. 

Before construction, both at Titicus and at Croton am 
earth excavated from the places where it was expected | 
take it for refilling, was dumped in the stream, care ! 


taken to form the dumps of the finest materials. [nn no 
ease did those dumps, left unprotected, show a slope 
steeper than 1% to 1. A bank, standing at repose in 
water, cannot be compared to such hill sides as t ex 


perts have observed in the valley where they were «te! 
upon by ground water; if their comparison in that resoe' 
were correct, no slope of any kind would be practio:5\: 
and not an embankment of the dams built in the Cr'or 
Valley and elsewhere, under similar circumstances, w01!! 
remain standing. 

As to the resistance of such an embankment to ‘) 
percolation of water, it is obvious that absolute © 
tightness cannot be expected; and the experiments © 11° 
at the Cornell Hydraulic Laboratory only illustrate a‘ 
point; at any rate, it cannot be expected that the re ''s 
of laboratory tests, on very small volumes of materials »!- 
lected on the ground, can throw any valuable light on the 
ultimate behavior of an extensive bank through ww’ °? 
the water would have to percolate for a considerable 
tance before reaching the masonry parts of the struc’ 


*We fear that the omission of this line was our 0%" 
rather than the fault of the experts. In reproducing ©’ 
plan we omitted certain #eference letters, the objec’ °: 
which was not absolutely clear.—Ed. 
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.owledge of the materials used or to be used, 
» must be depended upon to pass judgment 
ters; moreover, a comparison with the re- 

4 in the case of the dams built in other parts 
. show that sufficient water tightness can be 

a xpected from the proposed embankment. 

t pe s under which the down-stream embank- 

\ pave to perform its functions would be en- 
+. Nothing need be said of the water that 
e bank from springs in the side hill or from 

= . conditions in that respect will be the same 

a vays existed, with the difference that the turf 

face will shed the greater part of the rain. 

. ns the water which will find its way through 

vs ae through supposed deep fissures in the rock 

rit : As no water is expected to pass through the 


jacent to the masonry dam would nearly approach the 
Middle Branch rate; such a conclusion would presuppose 
a complete knowledge of the comparative materials used, 
of the quality of workmanship, and of the various con- 
ditions existing during construction, which cannot now 
be obtained, as the Middle Branch Dam was built more 
than twenty years ago. 

When stating that the suturation of the embankments is 
not as complete as may be expected in a few years, the 
experts do not take into consideration the fact that the 
height of water in the reservoir will vary greatly and 
that, after each lowering of the surface, conditions very 
similar to those existing after construction will be re- 
produced from year to year. 

The lower embankments of the dams built in the valley 
by the Aqueduct Commissioners are formed of fine ma- 
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PLAN OF SOUTH END OF NEW CROTON DAM, 


SHOWING JUNCTION OF EARTH DAM WITH 


MASONRY DAM. 


(Reproduced from our issue of Nov. 28, with ‘‘Line of Least Resistance’’ added.) 


central body of masonry, the surface to be considered is 
limited to that part of the core-wal] adjacent to the re- 
filling of the excavations or to the embankment. What 
amount of water can find its way through the wall at 
that point can be appreciated from a comparison with the 
other dams mentioned in the report and from the com- 
parative thickness of the masonry. In-the majority of 
the cases referred to, the walls are of less thickness, and 
although the lower embankment will contain, as must be 
expected, a certain amount of water, the tests made by 
the experts indicate that a very small volume of it will 
flow through the wall. At Titicus Dam, where the wall 
has more thickness, the indications are that very little, 
if any, water finds its way through it; in the present case 
the wall for the greater part of its height, at the points 
whore the pressure is highest, is 18 ft. in thickness and 
built of excellent masonry. From these considerations the 
conclusion is consistently reached that, in view of the 
character of the up-stream bank and of the core-wall, a 
very small amount of water will reach the down-stream 
bank from those sources. 

\s to subterranean fissures becoming possible channels 
‘he conveyance of water under the proposed embank- 
t, on the ground that eroded fissures have been found 
vider the surface in the bottom of the rock excavation, 
ne of these erosions have been “disclosed on the side 
where the rock has been found uniformly solid and 
pact; if such seams existed on the side hill, the 
p pits excavated for the masonry would have disclosed 
as the water contained in the fissures that were 
overed flowed under high pressure, showing that they 

e fed from distant and high sources. 
° experts show a certain ‘‘line of bank saturation’’ 
hat likely to obtain in the present case. They base 
statement on the observations taken by them at the 
s dams built in the Croton Valley; they find that 
aximum safe height of an earth embankment with 
: of 2 to 1 would be ‘‘on the bases of the loss of head 
saturation at Middle Branch, 63 ft.; Bog Brook, 100.6 
litieus, 82.3 ft.; Amawalk, 72 ft.; Carmel Main Dam‘ 
» tt" I fail to understand on what basis they state 
from their observations the high embankment ad- 


terials; to that fact is due the elevation of the water 
slope found in the lower embankment. 

Titicus Dam, with its high embankment and its heavy 
core-wall, is the structure to which can be best compare! 
the New Croton Dam in several respects, and the experi- 
ments show that very little water, if any, finds its way 
through the core-wall, the water in the outer embank- 
ment standing 40 ft. below the reservoir level. A similar 
result is expected in the present case, and should a small 
amount of water find its way through the wall, the lower 
embankment, which is to be formed of comparatively 
porous materials, would allow of sufficient drainage, inas- 
much as (to quote from the expert's report), ‘‘the slope 
of the surface of the saturated earth in the bank is deter- 
mined by the solidity of the embankment.” 

The Auxiliary Carmel and Titicus Dams show very fav- 
orable results, although the lower banks were formed of 
fine materials, none others being found within reach; 
with comparatively porous materials they would have 
shown steeper slopes of- saturation. I cannot see the 
truth of the statement that ‘‘the more compact the ma- 
terial of which the bank is built, the steeper will be the 
slope of saturation.’’ With compact material, the sec- 
tional area of flow is larger below a given level than with 
porous material, and as the bank slope is one determining 
factor of the line of saturation, this line tends to ap- 
proach the slope line. With porous material in a down- 
stream bank the slope of saturation is steeper and the 
area of flow less. Unless the water finds its outlet on the 
face of the slope of the embankment, the slope of satura- 
tion will also be regulated by the fact that it will reach 
the ground-water level at a point near the toe of the 
slope. 

At the New Croton Dam, the down-stream bank has a 
2 to 1 slope for a depth of about 60 ft. below high-water 
mark, and the unusual width of the top of the embank- 
ment is equivalent to a flattening of the slope. Below 
this, the retaining slope along the down-stream face of 
the main dam (on the “‘line of least resistance’’) has a 
general inclination of nearly 3 to 1. 

No better evidence can be given of the stability of the 
lower embankment than the manner in which the slopes 


of the excavations have stood during the prosecution of 
the work, although acted upon by the water coming from 
the ground behind them and by the rains of many sea 
sons In the center of the valley, where the ground 
water was more abundant and the material less compact, 
the slopes remained on an average of 14g to 1. On the 
side hill, the hardpan forming the mass of the earthy 
material above the rock and against the face of which the 
refilling and embankment at the south end of the New 
Croton Dam are to be made, has stood for several years 
at an excavated slope of % to 1 for a depth, at the lowest 
point, of over 100 ft., above which was a flatter slope of 
sand and gravel of an additional 50 ft. in height, thus 
forming a total height of slope of 150 ft. The slope flaked 
off in cold weather only, and only with successive freezing 
and thawing, when the thickness of the flake was that of 
the depth to which the last preceding frost had pene- 
trated, the slope practically keeping its inclination. This 
hardpan had to be loosened by blasting, both in the ex- 
cavation for the main dam pit and the core-wall trench; 
it was too hard to handle by any ordinary means. 

The experts suggest that the alleged lack of stability 
would be, to a large extent, overcome by flattening the 
embankment or by facing the lower slope with a revet- 
ment of heavy stone paving; these two suggested addi- 
tions are, in wy opinion, unnecessary; if I were to sug- 
gest an improvement to the present plan, | would recom- 
mend the drainage of the lower parts of the embankment; 
this work could be done on an extensive scale, at a com- 
paratively trifling cost, with excellent results. 

The experts object to the original plan of the dam, 
which they call unjudiciously designed, on the grounds 
that no provision had been made to meet the contingency 
of a sudden and exceptional flow of water due to a cloud- 
burst or to other causes. The fact is that the original 
design was especially devised to meet that condition. 
Although the surface of the reservoir, covering thou- 
sands of acres, is so large that it would have a great 
equalizing power, the contingency of a sudden flood caus- 
ing the overtopping of the masonry dam was carefully 
considered. To that effect, the top of the embankment 
was kept much above the crest of the masonry and a large 
amount of rock from the excavations was ordered to be 
placed on the top of the filling, below the dam, to pre- 
vent a barmful disturbance of the surface. The contract 
drawings are not at hand, but it is well understeod that 
they are of a general character and cannot be expected to 
show all the details of the work, but the connection of the 
top of the embankment with the crest of the dam is shown 
on Sheet 22 of the Report pf the Aqueduct Commissioners 
of Jan. 1, 1897, and the necessary orders for the perform- 
ance of the work were given. 

I learn by the report of the experts that changes have 
recently been made, one being the raising of the crest of 
the masonry dam, The reasons for that change in the plan 
are unknown to me. I agree that it is injudicious, as it 
destroys a feature which was considered very important. 
The calculations for the stability of the dam were made in 
view of the original elevation of the crest. 

As to the statement that the architectural appearance of 
the dam is marred by the composite plan, I beg to differ 
from the experts; the abutment of the heavy masonry, at 
a point where it presents a considerable height against a 
massive wing-wall of similar construction is, in my opin- 
ion, a more satisfactory solution of the problem; Titicus 
Dam and the Main Carmel Dam, for instance, are built cn 
that plan and both structures present architectural fea- 
tures which have met general approval, 

The ‘‘impression’’ that the present plan has the appear- 
ance of ‘‘a parsimonious makeshift not in harmony with 
the central portion of the dam’’ may have been produced 
on the experts; 1 trust that the general beholder would 
not be impressed in the same manner; but when they in- 
quire why so great an expenditure has been made ‘‘on 
the ornamentation and architectural appearance of the 
central portion of the dam’’ (referring, I suppose to the 
treatment of the cornice work, because the rest of the 
masonry shows none but essential features), they forget 
that while the cost of that work does not represent a 
tithe of the additional expenditure which they recom- 
mend, it is conducive to the architectural effect that they 
express their desire to find in the etructure. 

Economy of design, when properly applied, is one of 
the main principles of engineering; it was undoubtedly 
given due weight in this instance, and it should not be 
departed from without the clearest demonstration that the 
proposed change is a necessity. It is not thought that the 
experts’ arguments would produce that conviction on those 
experienced in the construction and maintenance of earth 
dams, and their determination of a probable line of satu- 
ration does not appear to be logically deduced form their 
observations of existing dams, or to be based on a suf- 
ficient study of the mode of percolation of water through 
fine materials. 

JEROME PARK RESERVOIR. 

The instructions given to the experts limited their ex- 
aminations to the embankments south and east of Jerome 
Park Reservoir on a length of several thousand feet. 

Their report gives a detailed description of the grounds 
on which the embankments are partially erected. 

The depth of water is to be from 23 to 26 ft.; the top 
of the embankments about 6 ft. above high-water mark. 
A‘ places, the rock underlies the natural surface at vari- 
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ous depths; the materials above it are composed of sand, 
mostly quite fine; outside of the embankments, the nat- 
ural surface or the filling which has taken place since 
construction was begun, stands at one point as high as 
the high-water mark, and, elsewhere, at elevations vary- 
ing all the way to a maximum of 10 or 12 ft. The sec- 
tion of the outer embankment can consequently be de- 
scribed as being formed of an upper part, a few feet high, 
with a slope of 2 to 1; the lower part presenting such 
flat slopes that they extend hundreds of feet from the 
reservoir before reaching the elevation of its bottom. The 
conditions of stability are consequently exceptionally 
good. 

The inner slopes of the reservoir are built at the rate 
of 2 to l. They are to be lined with concrete on which 
a paving partly of brick, partly of stone, is to be laid. The 
bottom of the reservoir is also to be covered with con- 
crete, 

Considering the moderate depth of water in the reser- 
voir, the nature of the materials to be used, and the ex- 
ceptionally stable character of the outer part of the em- 
bankment, it might have been questioned whether any ad- 
ditional protection were necessary; there is no lack of pre- 
cedents for such a mode of bank protection for reser- 
voirs presenting an even greater depth of water with less 
substantial embankments. Jerome Park Reservoir, how- 
ever, being situated in the middle of a district which will 
be densely populated and where the land ig very valuable, 
it was thought that no precaution should be neglected, 
no, only to render the structure perfectly safe, but to 
avoid any percolation of water which would cause dam- 
age and annoyance to the surrounding land owners. It 
was colsequently decided to add to the water tightness otf 
the embankments by building core-wallis in their center. 
Wherever the rock was at a short distance from the sur- 
face, the walls were built down to it; in other places the 
foundation was placed at from 8 to 10 ft. below the bottom 
of the reservoir; in the latter case they were generally 
built on sand which, under the conditions in which the 
wails are placed, furnish a very acceptable foundation. 

Fiom what precedes it can be seen that the embank- 
ments examined by the experts are of exceptional stabil- 
ity. From personal observation during construction I am 
convinced that the water tightness will be all that can be 
desired. 

In the presence of such exceptional circumstances, I fail 
to see on what grounds the experts can recommend a 
change of the inner slopes of 2 to 1 to 2% to 1. 

As to their recommendation that, at the intersection 
of the slopes with the reservoir bottom, the interior lining 
of concrete should be made double the thickness that is 
provided in the plans, 1 can only say that it has been 
anticipated in the instructions given to the engineer in 
charge to recommend at those points such concrete toe as 
should be found adequate to the necessities of each case. 

it is to be regretted that the instructions given to the 
experts were limited to the aforesaid embankments, as 
changes have been introduce’ and are now being made at 
other points without necessity and to the detriment of the 
general design. 

Along Sedgwick Ave., where, owing to the heavy ad- 
jacent slope of the ground towards Harlem River, per- 
colations through the seams of the underlying rock must 
be especially avoided, an embankment similar to those 
described above had been designed and a deep sewer had 
been provided in the avenue to cut off such water as 
could escape. As the surface of the avenue is only 10 to 

2 ft. below high-water mark in the reservoir, the stabil- 
ity of the embankment was beyond question. 

The plan has been changed to a heavy masonry wall and 
present indications point to the abandonment of the sewer. 
This wall has been built on a line about 2,500 ft. long and 
is to be continued to an extent not known to the writer. 

By this change, the stability of the structure has not 
been improved, the chances of percolation have been in- 
creased, and a very large unnecessary expenditure has 
been incurred. 


New York, Dec. 7, 1901. A. Fteley. 


Notes and Queries. 

E. W. M., Greensboro, N.C., calls our attention to two 
typographical errors in Mr. Gillette's article on “‘Estimat- 
ing the Cost of Concrete,’’ p. 423, of our issue of Dec. 5. 
In the formula in the middle column for N (number of 
barrels of cement per cubic yard of concrete) the last term 
of the divisor should read: (1 — 90.8 V) y. Also at the 
bottom of the last column, where numerical values are 
introduced, the figure 5 was omitted as a multiplier of 
the last term of the divisor. The editor may add that 
both (he omission of the minus sign and of the figure were 
apparently due to their dropping out of the forms after 
the final proofs had been passed by editors and author. 


ANNUAL MEETING OF THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 


The 44th meeting of the American Society of Mechanical 
Engineers was held at the house of the society, in New 
York city, on Tuesday, Wednsday, Thursday and Friday, 
Dec. 3 to 6 The meeting was opened at 9 o'clock Tues- 
day evening by the address of the President, Mr. S. T. 
Wellman, of Cleveland. His subject was ‘‘The Early His- 
tory of Open-Hearth Steel Manufacture in the United 


States."" The address is printed nearly in full in another 
part of this issue. 

The active work of the meeting began at 10 a. m. on 
Wednesday, when the annual business meeting of the so- 
clety was held. 

BUSINESS MEETING. 

The first business was the report of the tellers on the 
letter ballot for election of officers. The regular nominees 
were elected without opposition @s follows: President, 
Edwin Reynolds, Milwaukee; Treasurer, Wm. H. Wiley, 
New York; Vice-Presidents, Wilfred Lewis, Philadelphia; 
M. E. Cooley, Ann Arbor; M. P. Higgins, Worcester; 
Managers, R. S. Moore, San Francisco; H. A. Gillis, Rich- 
mond; C. H. Corbett, Brooklyn. 

The annual report of the council was then read by the 
secretary. The report announced the appointment of an 
additional assistant to the secretary in the person of Mr. 
Arthur L, Rice. Aa amendment to the rules to make more 
than seven negative votes necessary to defeat a candidate 
for membership is under consideration. Boston has been 
selected as the place for holding the spring meeting of 
lvvz. The total membership of the society is now 
2,529, of which O37 are in the junior grade. The report of 
the finance committee showed totai receipts of $42,505 
and total disbuisements of $36,403 for regular expenses 
and }v,i58 for unusual expenses. it appeared, however, 
that this is merely a cash account and that the publica- 
tion expenses are niuch larger than are shown in the re- 
port, because the society has been running in debt to its 
printers. A large part of the report was taken up with 
a discussion of the society's financial condition, and with 
a reprint of the circulars respecting the increase of dues 
which have been issued to the members. 

THE PROPOSED INCREASE OF DUES. 

Next in order came action on the amendment to the 
society's ‘‘Rules,’’ of which notice was given at the Mil- 
waukee meeting, ra.sing the annual dues to $20 for mem- 
bers and $15 for juniors. An exciting debate at once 
siarted on this question and continued for neariy three 
hours before a ballot was finally ordered. Limitations 
of space pe:min only the briefest outline of the debate 
to be presented here. 

The formal motion for the adoption of the amendment 
was made oy Pasi-President R. W. Hunt, and be coupled 
ic with the surprising announcement that the society is 
now about $15,00U in debt, its expenses having exceeded 
its income for tour years past until a deficit of the above 
amount has accumulated. He deciared that the council 
had considered and adopted every possible measure of 
economy and found that they wouid only effect a toial re- 
duction in the running expenses of about $4,000, or little 
more than enough to bring the expenses within the in- 
come, while providing nothing for paying off the debt. 
He appealed to the loyalty of the members to support the 
amendment 

Mr. F. H, Boyer, of the council, in seconding the amend- 
ment, displayed great indignation at the technical press 
for giving publicity to the proposed increase of dues. He 
declared that it was intended to keep the mditer as quiet 
as possible until the members came together at the annual 
meeting. He made also the surprising admission that two- 
thirds of the council members came io the council meet- 
ing on Oct. $1 strongly opposed to the increase of dues 
and were there converted by the arguments of one of the 
society's past-presidents. 

Mr. H. R. Towne, of the council, said that while he had 
joined in supporting the amendment, he now felt that it 
called for too great an increase in the dues. It would 
give the society an added income of $18,500 a year, 
whereas the net debt (deducting collectible dues) is only 
$10,000. Thus the debt would be provided for in a short 
time and the society would thereafter have an annual sur- 
plus of about $16,000. He thought action on the increase 
should be postponed and a smaller increase should be 
made, say $20 for members and $12.50 for juniors. He 
admitted that the council was seriously at fault in allow- 
ing the society to run into debt, but declared that until 
the council meeting of Oct. 31, two-thirds of the council 
members knew nothing of the debt’s existence. 

Mr. E. D. Meier censured the council for not giving the 
members full information as to the society’s finances at 
the same time that it proposed the increase of dues. The 
opposition to the increase was entirely justified by the 
fact that the council withheld this information, 

Mr. W. 8S. Rogers opposed particularly the increase of 
dues of the juniors who have no vote, and were to be held 
up for an additional $5 per year, which many of them 
could ill afford. He urged economy in the administration 
of the society as the proper remedy for its financial dif- 
diculty. 

Mr. Angus Sinclair said the only sound rule for a so- 
ciety like an individual was to keep its expenses within 
its income. The council ought to have known that a con- 
trary course had been pursued during the past four years. 
Its plea of ignorance was no excuse. 

Past-President W. R. Warner, thought no one should 
object to paying such trifling dues as $25 a year when the 
benefits he received from the society were so great. The 
proposed increase amounted to only 3 cts. a day; less 
than the cost of a cigar. He hoped to see the day when 
the dues would be raised to $50. 

A member (whose name our reporter failed to note) said 
engineers were frequently called in for advice when a 


manufacturing concern is in financial difi 
engineer in such @ case would adopt the 
creasing the price of goods to its customers 

Mr. John R. Platt corrected the misstaten, 
ficial circular comparing the dues of the 
Civil Engineers and this society’s. The lus: 
bers pay dues which are less on the averag, 
ciety, and receive four large volumes a yeu. 
tions. 

Mr. M. N. Forney said he held over lu ; 
sent members, instructing him to vote ag 
crease of dues. He favored the appoiutmen: 
lgating committee to examine the society s | 
dition and its business methods. 

Mr. Halsey said that it was a fortunate 
society that the technical press had given 
to the proposed increase of dues and ey 
members to vote by proxy. The tone of num 
received from absent members showed that bh 
cul carr.ed out its intention and had the prop 
been adopted by vote of members present a: 
meeting, 1t would have disrupted the socie:y 

Mr. Geo. L. Fowler told of the numerous | 
received in opposition to the increase. Many o 
from men entirely able and willing to pay 
themseives, if the interests of the society really 

Mr. Gus C. Henning urged that the society 
model its methods on the pattern of the Ge: 
of Kngimeers. The dues in that society are | 
inere are 16,ULU members, He proposed to 
new set of rules for the considerativ: 
thise methods to be adopted in the American y. 

Mr. R. H. Soule said that although he, as a 
the council, had signed the circular favoring « 
ot ducs, his support of the measure had neve: 
than bhalf-hea:ted, and he was now in grave 4 
its wisdom. 

Mr. Geo. 8S. Morison said (hat the present di 
large as those of any other engineering socie\y fo 
crease them beyond this point was a step wai i 
only be taken after most careful considerat The 
American Society of Civil Engineers, with $15 du hold 
lortu.ghtiy meetings, publishes both advauce { 
complete transactions and gives its members a yery larg 
return lor their money. 

Mr. Wm. Kent severely criticised the form in which 
financial reports of the society are presented. The ailegei 
balance sheet contains a statement of asseis but ho state 
ment of labil.ties. Nominailly, according to t, 
the society bas abqut $50,0UU of assets, and never, eveu 
in the present year’s report, is any detailed statement ui 
the society's liabilities presented. 

The above gives a fair idea of the general tove of th 
discussion, which was participated in also by scvera 
members besides those we have named. By this time tx 
desire of the meeting that the matter be brought to yout 
became increasingly evident. Mr. H. R. Towne tude a 
motion to have the matter tabled, so that it might be 
brought up for action at some future time. The opposition 


of the meeting to this course, however, was evident, aud 
numerous holders of proxies announced their intention t 
cast them against such a disposition of the maiter. Th 


motion was therefore withdrawn and a vote by ballot 
on the adopt:on or rejection of the increased dues propo- 
sition began, a recess for luncheon -being taken during 
the balloting. As several hundred proxy votes were cast, 
the counting of the vote was a slow process and the final 
result was not announced till the session on Thursday 
morning. It was as follows: Total ballots cast, S74; ayes, 
191; noes, 647; irregular, 36. 

At 3 p. m. the meting was again called to order for the 
transaction of further business. Mr. Gus, ©, Hlenuilg 
offered a set of amendments to the society's rules to pro- 
vide for certain radical changes in the conduct of its af- 
fairs on similar lines to those followed in the German 
Society of Engineers. He submitted them for cols.dera- 
tion by the council and for final action by the secicty at 
the annual meeting a year hehce. 

A resolution was offered by Mr. Rogers, provid for 
the appointment by the council of a special commitive o! 
five members, not now holding office, to make a dvtuiled 
investigation of the society’s condition, its meth is of 
earrying on its work, and any causes for dissatis!: tion 
among the membership at large which may exist. //ast- 
President H. R. Towne stated that the council, at a meet- 
ing on Dee. 3, had taken substantially the action wiich 
the resolution called for. After some discussion a jv ion 
was carried that any action by the society on the © .(te! 
be postponed. 

Mr. Charles Whiting Baker gave notice of an ame! 


to the society’s rules which will require future au<'d- 
ments of these rules to be submitted to a letter bo lot. 
He urged that the cumbrous system of proxy voting ». © 
had consumed so much time at the present meeting wud 
be unnecessary if the letter ballot were established. he 
proposed amendment allows any member to offer «0 


amendment to the rules at any regular meeting o 2° 
society and such amendment may be taken up ata <= 
ceeding session for discussion, alteration and final 1° 
tion or approval by majority vote of those present id 
voting. If approved, it is #hen to be submitted toal 
ballot of the entire membership and is adopted if fav. 4 
by a majority vote. Mr. Baker asked to have those» * 


a 


4 r 
a 
4 
] 
| 
i? 
| 
i} 
; 
a 


December 12, 


ENGINEERING NEWS. 


457 


vcouss and criticise his proposed amendment and 


- ne meeting indicate its approval or disapproval. 
- A pee discussion it was voted to approve the amend- 
coi This concluded the business session, and the for- 
a exercises for the day. 

TECHNICAL SESSIONS. 

o, Thursday morning, the society took up the topicai 
sae si ns that had been slated for Wednesday morning. 
The frst of these was on the “Cost of Running Trains at 
H eed’ the subject having been suggested to this 
by the Western Railway Club. (See the papers on 
vuis aubject by J. G. Crawford in Engineering News of 
Sep +2 and Oct. 31 last.) In the discussion, Mr. Lewis 


Vv 
et where the formula R = te + 3 was obtained; Mr. 


r, Fowler stated that this “Baldwin’’ formula for 
,oin yosistance was derived from a long series of tests 
.. oon Camden and Philadelphia over the tracks of the 
phiajelphia & Reading Ry.; the formula give results 
‘.caly similar to those obtained by the Engineering News 
la. first worked out by Mr. A. M. Wellington, and 
both formulas gave lower results than the Clark 
~ula referred to by another speaker. The further dis- 
we » brought out the desirability of knowing economic 
neods of freight trains in connection with the subject 
jor discussion; the relative decrease of the item of train 
cervice at high speeds; the fact that in tests on the Chi- 
cago. Milwaukee & St. Paul Ry. the only increased item 
for increased speeds was that of fuel consumption, this 
increase being 14% for a speed increase of 25%. 

The second topical subject was ‘‘Some Peculiarities of 
Springs,” introduced by Mr. Stephen W. Baldwin. The 
speaker stated that while coil springs were more sensitive 
and durable, they did not kill rapidly enough the oscilla- 
tion set up by a blow coming on them, whereas flat or 
leaf springs, by the frictions between the leaves, caused 
these oscillations to disappear quite rapidly. A machine 
had been rigged up to record spring oscillations, consist- 
ing of a pencil moved by the spring to be tested over a 
strip of paper in a vertical direction, the paper being 
given a uniform horizontal motion. The curves obtained 
were the records of the oscillations, and showed how these 
died out very gradually with coil springs, and very rap- 
idly with leaf springs. This recording device had sug- 
gested to him the possibility of using records so obtained 
to judge of the relative adaptability of any particular steel 
for spring making, especially since fatigue of the spring 
would show in the altered form of the diagram. 

Mr. A. Cary referred to the effect on the spring’s action 
of imperfect support of ends, eccentric loading, friction 
losses in cup ends, etc.; he clajmed that differences in 
temper had no influence on the modulus of elasticity. A 
steel of higher temper had merely a higher elastic limit 
and the elastic oscillations of the spring would therefore 
not be affected. Basing on his former experience in spring 
making, he asserted that coil springs when properly made 
are uniformly highly reliable and durable, whereas leaf 
springs give much trouble from wearing out. He de- 
scribed different devices that have been used to reduce the 
range of vibration in coll springs, such as secondary 
springs, rubber intermediate layers, dash pots (as in door 
checks), ete. 

The third topical subject, ‘“‘The Linvolpon System,”’ 
elicited no discussion. 


A PORTABLE ACCELEROMETER FOR RAILWAY 
TESTING. 

This paper of Mr. F. B. Corey, who is connected with 
the Schenectady Works of the General Electric Co., was 
read by Secretary Hutton in the author’s absence. The 
substance of the paper is given in the following: 


In all railway work the all-important factor to be con- 
sidered is speed, and it is often necessary to secure ac- 
curate data in regard to the rate at which the speed 
changes under various conditions of equipment and opera- 
tion. To obtain the desired information from a continuous 
speed record is generally unsatisfactory, and various de- 
vices have from time to time been tried in order to secure 
direct readings of acceleration and retardation. 

The following seems to be the requirements to be met 
by a practical instrument of this class: (a) It should have 
no delicate moving parts. (b) It should be susceptible of 
accurate calibration, and this calibration should be per- 
mament. (c) The reading scale should be sufficiently ex- 
tended to render the readings reasonably accurate. (4d) It 
should be practically ‘“‘dead-beat’’ to record rapid fluctua- 
tions. (e) It should not require for its operation any me- 
chanieal connection with the axle. (f) It should be of such 
size that it may be readily carried about in small space. 
(g) It should either be independent of grades or be capa- 
ble of measuring the degree of inclination, so that its 
indications may be readily corrected. 

In addition to the above requirements. It is extremely 
desirable that the Instrument be such that continuous 
records may be made, so that we may properly study the 
various changes of acceleration and retardation through- 
out any given period of time. 

The present instrument is designed to fulfil these re- 
auirements as nearly as possible. It consists of a short 
horizontal passage filled with mercury, with vertical tubes 
rising at either end and filled with a colored liquid adapted 
to be read easily. The upper ends of the vertical tubes 
are connected together to prevent evaporation and spilling. 
The plane of the two tubes being set in the direction of 
motion of the car, the acceleration which the latter is sub- 
ject to will produce a difference of level of the liquid tn 
the two tubes. The vertical tubes are graduated to cor- 
respond to such acceleration in miles per hour per second, 
and also in pounds per ton accelerating force. 

It is evident that if the accelerometer be set to the zero 
cosition when the car {fg either at rest or moving uniformly 


on either a level or gradient, the indications will be ac- 
curate only so long as the car remains on track of con- 
stant grade. When the grade changes, the accelerometer 
must be readjusted or the proper correction made. Usu- 
ally either a stop or a period of constant speed running 
gives opportunity to reset the instrument or determine the 
correction. When this cannot be done at the time of test- 
ing, the accelerometer should be set at zero on a level 
track, and the car run over the road and brought to rest 
en all grades to be measured. It is evident that used in 
this way the instrument becomes a gradiometer, giving 
an indication of 20 lbs. per ton for every 1% of grade. 
Generally a record of the accelerations will be found de- 
sirable. For this purpose the instrument is arranged ad- 
jacent to a recording drum, the pencil being connected to 
a pointer moving vertically along the tube of the instru- 
ment. The fluctuations of the instrument are followed by 
a, the pointer being kept constantly at the level of the 
quid. 
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Fig. 1. Record Obtained by Corey Accelerometer. 


Fig. 1 is a reproduction of a portion of the record strip 
of a run with a single car of approximately 40 tons 
weight, equipped with standard electric train-control ap- 
paratus, the part shown representing a short run (be- 
tween stations) from start to stop. On the vertical scale 
1 space represents 50 Ibs. per ton effective accelerating 
force, or .55 mile per hour per second acceleration, while 
on the horizontal scale 1 space represents a time period of 
10 seconds. 

The interpretation of this diagram is as follows: Be- 
ginning at A, the acceleration rises very rapidly, indicat- 
ing 1.4 miles per hour per second after an elapsed time 
of 1.5 seconds. The acceleration rapidly falls off until 
the master controller is turned to the second notch, when 
it again rises, the maxima and minima depending largely 
upon the skill or wishes of the motorman. At C is seen 
an almost instantaneous drop in acceleration, the curve 
theoretically touching the base line. This occurs at the 
point of transition from the series to the parallel motor 
combination. The error here is due more to inability to 
follow accurately the sudden finctuations than to any fault 
in the operation of the instrument itself. At D the full 
parallel position is reacned, when the acceleration rapidly 
falls off until, at E, it has dropped to about .14 mile per 
hour per second. At this point power was cut off and the 
ace?leracion immediately dropped to a negative value of 
about .13 mile per hour per second, equivalent to a re- 
tarding force of about 12 Ibs. per ton due to friction. The 
distance FG represents the time during which the car was 
allowed to coast freely. At G a service application of the 
air brakes was made, the retardation rapidly increasing 
until, at H, the full power of the brakes is applied. From 
H to J the gradual increase in retardation will be noted, 
due to the increase in the coefficient of friction with re- 
duction of speed. At J, just before the car came to a full 
stop, and when the retarding force had reached a maximum 
of 125 lbs. per ton, the brakes were partially released and 
the car was brought easily to rest. 

If any given acceleration be multiplied by the time dur- 
ing which it is maintained, the product is the resulting 
increment of speed. It is therefore evident that the itn- 
tegrated area between the acceleration curve and the 
datum line up to any given ordinate multiplied by a proper 
constant is the speed of the car at the corresponding in- 
stant. This constant, or the speed per unit of area, is 
equal to the scale of abscissas multiplied by the scale of 
ordinates. For example, in Fig. 1 the area included be- 
tween the acceleration curve and the datum line up to 
the instant at which power was turned off is found to be 
0.66 sq. in. Therefore the speed of this car at the in- 
stant corresponding to E on the curve was 20 (seconds) 
multinlied by 2.2 (miles per hour per second) multiplied 
by 0.66 = 29 miles ner hour.* If the speed is to be measured 
at any instant during retardation, the required area is the 
algebraic sum of the areas above and below the datum 
line up to the designated ordinate. Thus, by means of 
the plan'meter, the instantaneous speed of the car may be 
measured directly from the accelerometer record. 


The discussion on this paper brought out the fact that 
Mr. Don J. Whittemore, of the Chicago, Milwaukee & St. 
Paul Ry., had described a similar instrument some years 
ago before the Westerns Society of Engineers. Mr. Lewis 
stated that he had himself constructed several years ago 
an instrument very similar to that of Mr. Corey, and 
noted that the latter shows no advance over his own In- 
strument. He considers the impracticability of obtatring 
an autographic record the most serious defect of the de- 
vice. Mr. Geo. L. Fowler stated that In the course of a 
series of tests he conducted some years ago he found that 
any record produced by eye-reading was entirely unre- 
liable as the variations. are too rapid to permit of proper 
following by the eye. The best results he obtained were 
produced by simultaneous records on the same strip, of 
\%4-second intervals given by electric contacts In a clock, 
and axle-revolution records sim!larly produced by electric 
contacts on the axle. From such a record any draftsman 
was able to plot an acceleration curve. Mr. J. A. Brashear 
stated that an arrangement very much like Mr. Fowler’s 
was used by himself and Professor Langley in their ex- 
periments on aerodromics and the flight of birds some 


*On the original diagram, 1-in. on the vertical scale 
equalled 2.2 miles per hour per second acceleration and 
1-{n. on the horizontal scale, 20 seconds, 


years ago. The results were almost perfect. Professor 
Kingsbury pointed out several faults in Mr. Corey's de- 
vice, principally that the only way to correct for grade 
was to know the position of the car on the track at any 
moment, 

A BONUS SYSTEM OF REWARDING LABOR. 

Mr. H. L. Gantt, of South Bethlehem, Pa., read tn 
abstract his paper on this subject; the essential points of 
this paper and of the discussion upon it are published 
sepgrately on another page of this issue The paper 
proved to be in many ways the feature of the meeting. 
and aroused an interest and favorable comment to a de 
gree rarely met with in the society's history. As will be 
seen from the discussion, the paper was by one member 
designated as epoch-making, which expressed the senti- 
ment of a large number. 

A SILENT CHAIN GEAR. 

The paper on this subject by Mr. J. O. Nixon was read 
by the author. It described the style of chain and 
sprocket invented by Mr. Hans Renold, of Manchester, 
England; this system of gearing was described In our issue 
of Sept. 5, 1901. Mr. Nixon discussed the various ques- 
tions affecting the use of chain gearing and illustrated the 
manner in which the Renold system overcomes most of the 
difficulties urged against chain transmission. 

Tn the discussion following, Mr. G. I. Rockwood cor- 
rected a statement which had been made to the effect 
that the looseness due to wear caused chains used in 
automobiles to jump their sprockets, by saying thet he 
found in his machine, after much trouble with the chain 
jumping, that this was caused by wobbling of the gear 
on the rear axle due to springing of the axle. When the 
supporting yoke was made sufficiently long to avoid ex- 
cessive deflection of the axle, any good chain would give 
practically no trouble from jumping. 

THE BURSTING OF SMALL CAST-IRON FLYWHEELS 
The paper that now followed was that of Prof. C. H 
Benjamin on “The Bursting of Small Cast-Iron Fly- 
wheels,” detailing the results of a series of bursting tests 
of 24-in. cast-iron flywheels of various designs recently 
carried out by him in the laboratories of the Case Scien- 
tifie School at Cleveland. The paper is reproduced in’ 
part on another page. There was no discussion of the 
paper, though the members manifested considerable tn 
terest in Professor Benjamin's experiments and results. 


REPORT OF COMMITTEE ON ENGINE TESTS. 

This committee presented a preliminary report, which 
with the discussions offered at the Milwaukee meeting 
and the criticisms and suggestions received by the com- 
mittee since that meeting, covers 88 printed pages. The 
report was presented to the society by Prof. D. S. Jacobus. 
who commented on all the points of special {nterest or of 
departure from practices hitherto recognized as standard 
either here or in Europe, and brought out all the main 
points of criticism contained in the contributed discussions 
received by the committee. 

Following Professor Jacobus, Mr. G. I. Rockwood ex 
pressed his regret that the report was not drawn up at 
least 15 years ago. He considers that most of the en- 
gine testing for scientific purposes has already been com- 
pleted, and thinks it would have been highly advantageous 
if this accumulated mass of data could all have been ar- 
ranged in accordance with the methods here presented 
He further considers that since engine testing now Is 
largely done for and at the instance of the manufacturer 
(steam user), who generally wishes to know only certain 
definite results, that the viewpoint of the manufacturer 
as also that of the engine builder should be given some 
consideration in the report. 

Mr. Wm. Kent (Assoc. Ed. Eng. News) quite approved 
of the action of the committee in using the higher heat 
value of coal’ (calorimeter value without deducting latent 
heat of moisure). He also approved the committee’s use of 
the condenser or the atmospheric pressure to give the 
temperature of the exhaust instead of measuring the tem- 
perature in the exhaust pipe. 

The work of the committee is not ended with this re- 
port, but certain further revisions will be made, and all 
discussion received up to the time of revision will be duly 
considered before the final report of the committee wil! 
be presented to the society. 


COMMITTEE ON STANDARDIZATION OF ENGINES 
AND DYNAMOS. 

The final report on this subject was presented, on be- 
half of the committee, by Mr. Albert L. Rohrer, who 
called attention to its leading points of interest. The re- 
port considers direct-current engine and dynamo-generat- 
ing units, and takes up in course, the standard sizes of 
units, the corresponding revolutions per minute, the sizes 
of shaft for side and center-crank engines, the length along 
shaft required for the generator, height of axis above top 
of sub-base, width of top of sub-base, armature fit (on 
shaft), overload capacity of engines and _ generators, 
brush-holders, holding down bolts, keys and outboard 
bearings. Seven standard sizes of units are given, up to 
and including 200 K-W.; revolution speed was carefully 
chosen and 5% variation above or below average allowed: 
shaft diameters were calculated for deflection; heights of 
shafts were chosen to sult both horizontally and vertically 
split generators; overload capacity was limited to 25%. 
since the values generally required for dynamos alone 
would call for excessive engine dimensions: brush-holders 
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were required to be supported on generator frame; furnish- 
ing of miscellaneous parts, such ag outboard bearings, 
shafi-keys, ete., was properly distributed between engine 
builder and dynamo maker, and a number of other recom- 
mendations were made tending to secure uniform and 
good practice. 

Mr. McFarland, member of the committee, called atten- 
tion to the fact that a number of engine and generator 
builders had expressed themselves as anxious to know 
when the report would be adopted by the society, and 
stated that for this reason he should: like to see some 
action taken on the report. A motion was then carried 
that the report of the committee be accepted and the com- 
mittee discharged. 

A NEW VALVE GEAR. 

This was the first paper taken up by the meeting on 
Kriduy morning. In the absence of the author, Mr. E. W. 
Naylor, the Secretary read the paper by abstract. 


The paper treats of an arrangement made by Mr. Naylor 
for operating the steam and exhaust valves by electro- 
magnets. He expected thereby to secure admission and 
eut-off materially sharper than can be obtained by other 
gear, and to be able to adjust these points much more 


easily. He applied his method to a 5-HP. single-acting 
three-cylinder engine. The valves used were poppet valves 
placed in the cylinder heads; the maximum opening for 
each valve was '/o, the area of the cylinder. They were 
operated by levers having on their axis of rotation mag- 
nets acted upon by an electro-magnetic field. The cur- 
rent producing this field was controlled by contacts slid- 
ing on a rotating disk of copper inlaid in fiber, and the 
position of these contacts could be varied so as to give 
changed time of valve opening. Mr. Naylor emphasized 
the steam economy of his valve gear and the reduction in 
engin® vibration caused by doing away with valve rods, 
eccentrics, ete. Mr. Naylor had sent in additional manu- 
script on the recent loss of several English destroyers. 
in this he brought out that the vibration of the engine’s 
right on the backbone of a structure in itself statically 
unsafe was probably the cause of their destruction, 

In the discussion following, the paper was criticised as 
incomplete; for instance, in making the statement that 
cylinder condensation was almost nil in such a way as to 
imply that this was an effect of the operation of the valve 
gear, and in omitting to give indicator cards which would 
be the only evidence that could be adduced as to the 
actual behavior of the steam under the contro] of the 
electrical valve gear. 

THE POTTER MESH SEPARATOR AND SUPER- 

HEATER. 

A paper on this subject was read by the author, Mr. F. 
A. Scheffler. It describes an arrangement used in the 
boiler in place of a dry pipe to deliver dry steam. This 
separator consists of a cast-iron case containing a series 
of sheets of fine wire mesh through which the steam must 
pass in order to get to the steam main. With a loss in 
pressure of but 1%, the author stated that practically 
dry steam is obtained. All foaming and throwing of water 
is also prevented from producing harmful results. 

The discussion of the paper showed much lack of faith 
among the members in the utility of this device as well as 
of dry pipes or similar devices generally. A number of 
members said that well-designed boilers would never 
prime or throw water; as to the value of this device in 
superheating the steam, i. e., evaporating the free mols- 
ture contained in it, figures were given to show that to 
produce any practical effect the drop in pressure would 
have to be far greater than 1%. 

In reply to the criticisms, Mr. Scheffler remarked that 
while a well-designed boiler possibly would never prime, 
yet few boilers were well-designed, and this device would 
prove of value in such cases. The word superheater was 
not to be taken strictly, being used simply to distinguish 
this device from mechanical separators. 

FINAL REPORT OF COMMITTEE ON STANDARD PIPE 
UNIONS. 

Following this, the Committee on Pipe Unions presented 
its final report, which was read by Mr. Geo. M. Bond, of 
the committee. The committee in the course of its work 
critically examined the various standard makes of pipe 
unions in all_ details, and found that no one make was 
satisfactory in all sizes from %-in. to 4 ins.; it therefore 
becames necessary to design new standard unions. The 
designs for these standards, after being drawn up with 
the greatest care, were submitted to a number of makers 
of unions, with requests for criticlsms and suggestions for 
improvement. From two of these, replies were received, 
which were carefully considered and which resulted in 
certain changes in the designs. The corrected designs 
were again submitted, and no replies being received, it 
was assumed they proved satisfactory in all respects. 
Sample malleable iron unions were now made according to 
these designs and submitted to a variety of tests, direct 
tensicn and bending (solid stub ends being screwed into 
the unions for these purposes) and also a bursting test 
under hydraulic pressure. All sizes tested showed up 
well, and nothing was learned in the course of the tests 
that would suggest further improvement. These designs 
were therefore submitted to the society as standards; the 
committee further suggested that the letter S be cast on 
all unions made in accordance with these standards, and 
that this designation be copyrighted. Licenses to use this 


mark S could be issued at nominal figures to manufac- 
turers of unions wishing to make unions in accordance 
with the standard. 

On motion, the report of the committee was accepted by 
the society. 

WORKING LOADS FOR MANILA ROPE, 

Mr. C. W. Hunt presented his paper to the society with 
a few explanatory remarks, calling attention to the fact 
that it was Intended merely to record results of practice. 

There was no discussion on the paper. We reprint the 
paper in full on another page. 

THE HEAT-ENGINE PROBLEM. 


Mr. C. E. Lucke, a non-member, now read by abstract 
a paper presented for him by Mr. R. H. Fernald, associate 
member of the society. The paper dealt at great length 
with the general problem of the conversion of heat Into 
mechanical energy, and then turned to the consideration 
of a non-explosive internal combustion engine, operating 
on what the author called the Brayton cycle. The failure 
of all previous types of engines attempting to utilize this 
cycle was examined, and certain experiments made with 
the object of determining conditions of continuous igni- 
tion of a body of gas, a manner of ignition producing in 
the cylinder practically constant pressure up to a pre- 
determined point of ‘“‘cut-off."" Certain means were 
found by which ignition of this sort could be obtained, for 
instance, allowing gas to flow from a tube under a pres- 
sure of about %-lb., and covering the mouth of the tube 
with a heap of small stones, etc., to keep the flame from 
traveling away from the tube and “blowing off.’”” Further 
experiments, using oj] as the combustible, were reported 
as being in progress; the outcome of the whole investiga- 
tion will probably be the construction of an engine de- 
signed to operate im the manner brought out in the paper 
and on the basis of the results obtained from the experi- 
ments. 

In the discussion on the paper, the use of the term 
“Brayton” cycle to designate the operation of an engine 
such as was aimed at by the author was strongly ob- 
jected to, on the ground that Brayton’s engine operated 
in a quite different manner. Prof. W. F. M. Goss men- 
tioned that Brayton, when he got up his engine, went 
through about the same series of experiments as were 
described in this paper, and that Brayton's conclusions 
as derived from these experiments found expression in 
the engine which he constructed and which bore his name. 
Brayton’s engine, Professor Goss continued, has been in 
the scrap heap now for many years. 

In reply to the various criticisms, Mr. Lucke stated that 
he used the word cycle to express a series of operations 
gone through by a gas, and this did not necessarily imply 
a definite construction or method of operation of the 
engine; two engines may operate in totally dissimilar 
manner, yet the gas employed in the two cases may go 
through an ultimately identical series of changes. 


EXPERIMENTS ON SPIRAL SPRINGS. 


A paper presenting the results of certain experiments 
on coll springs, made by Mr. R. A. French, of Pittsburg. 
Pa., a non-member, was presented to the society, and 
read in abstract by Prof. C. H. Benjamin. The paper is 
published In full elsewhere in this issue. 

In the discussion on the paper, Mr. Wm. Kent (Assoc. 
Editor, Eng. News) called attention to the range in the 
values of G, the modulus of torsional elasticity, for which 
values ranging from 12,500,000 to 18,900,000 Ibs. per sq. 
in. are shown. He reminded the society of the fact that 
one of the most constant qualities of fron or steel through 
all changes ifs its elasticity-modulus for direct stress, 
which is only less constant than the specific gravity of the 
metal, and pointed out that the variation of the shearing 
modulus shown in these experiments would, if verified. 
certainly constitute a remarkable phenomenon. If the 
variation be proven a fact, it would be of interest to de- 
termine what fcctors of change in the material, 1. e., 
earbon, temper, chemical composition, etc., were con- 
nected with this variation. 

Mr. A. A. Cary brought out the fact that coll springs 
are subject to internal stresses of varying amount and 
often of considerable importance arising from the methods 
of manufacture of the spring. -In his experience with 
springs he in a large number of cases found values of G, 
calculated from the deflections of the springs, ranging 
from 10,000,000 to 16,000,000; when this value was de- 
termined from a piece of the wire directly by twisting the 
value was practically constant, varying between 12,600,000 
and 13,500,000. He also remarked upon the large second- 
ary stresses produced by shearing action, the restraining 
of the untwisting tendency of the spring, etc., which 
could not fail to influence the value of G. Stresses of this 
kind would also largely affect the value of S, the maxi- 
mum stress; in his work he found, for wire larger than 
No. 1 gage, S = 100,000 for springs having a coil radius 
of five times the wire radius, S = 75,000 for springs having 


. such a ratio of 10, S = 50,000 for springs with a ratio of 


15. He also stated that in his practice he had never ob- 
tained trustworthy and good results with springs having 
this ratio less than five; the best results he considered are 
obtained from ratios of seven to nine. 

Mr. Geo. L. Fowler remarked that the experiments of 
Mr. French are in full corroboration of experiments on 
springs made for the Pennsylvania R. R. some years ago 


and recorded in the society's transactions 
Cloud, 

Professor Benjamin, in reply to the speak 
that Mr. French was not present to answ: 
criticisms with the aid of his extensive kn 
subject. He personally (Professor Benjam 
the variation in values of G to the secondary 
tioned by Mr. Cary, the same remark applyin. 
values of 8. 

WATER POWER DEVELOPMENT AT 

FALLS. 

Mr. Wallace C. Johnson presented to the so 
on the works constructed at Hannawa F,! 
utilize the water power of the Racquette 
drains a large section of the forest-covered - 
Adirondacks. A description of these work 
Engineering News of April 26, 1900. Mr. Jo! 
was not discussed. 


THE PORRO PRISM FIELD GLA 

The paper, by Past-President W. R. Warn 
How and the Why of the Porro Prism Field « 
read in abstract by the author. This novel: 
appliances is a binocular field glass combining 
objective with an astronomical eye-piece. T) rs 
of the image is neutralized by the inversion ; 1} 
a pair of 90° prisms mounted in the tube—on, sia 
of the ocular slide, the other at the side of ¢) 
The length of tube required is by this means 
ened to little more than a third that usually 1 
field glasses. Compactness and lightness in 
degree are thus obtained, producing also m 
steadiness in using; the use of the astronomica 
secures a field three times as large as that of ¢) 
field glass, while the excellent quality of the 
and the perfection of the mechanical const: 
remarkable clearness and accuracy. The 
brought out some interesting facts. Prof. S | r 
stated that it seemed that some of the finer sha’ 1 
were lost in the instrument. Mr. Warner, in r 
marked that this was surprising, as a main fea: f th 
instrument, in fact the feature that rendered | 
principle practically applicable, was the qualit: 
used. This boro-silicate glass possesses remar} low 
absorptive power, the selective absorption being 
duced to a very low point. The Porro princip). 
unutilized for 50 years only because no glass » 
able that would leave enough light after the « 
flections and passage through the prisms and | 
give an image of any clearness. The boro-sil! ria 
first brought out at the Zeiss works enabled the tru 
tion of a prism field glass giving even greater ¢ 
and definition than the ordinary field glass, an! far 
as the speaker knew, there was no reason why the finer 
shades should be lost with this instrument any n tha 
with the old style. He referred to the work of Mr | 4 
Brashear, member of the society, in the fleld o! i 
glass production, and paid high tribute to his s fu 
labors. On several occasions even, German firms, »' 
recognized as leaders of the world in this class york 
had come to Mr. Brashear for lenses of particular «\°°) 
lence. He also referred Professor Emory to Mr. Broshear 
himself, who was present. Mr. Brashear then furth:r ex- 
plained the remarkable qualities of the boro-silicate class 
and suggested that if finer shades were lost in © rtair 
cases with the use of the Porro prism glass, an) 
field glass would show even greater losses. \): ras 
hear in his turn paid tribute to the Warner and Sw: 
works for the great mechanical perfection of their f. 
the instrument, which represented such an advance ov: 
the European makes as to call out almost at ones imita 


tion of the Warner & Swasey type by the German maker 
CLEARANCE AND ECONOMY IN A SMALL &STP\\i 
ENGINE. 


Prof. Albert Kingsbury, in his paper, detailed son x 
periments made at the New Hampshire College of \! 
chanical and Agricultural Arts on the steam consur t 
of a small steam engine as affected by the clearance: 
engine had its crank-end steam passages closed, a)‘ 
end of the cylinder opened to the atmosphere. T! 
gine was belted to the line shaft of the shop, givin: 
practically uniform speed at all times. The cleara 
the back end of the cylinder could be varied by ' 
sertion of cast-iron rings under the cylinder head 
a minimum of about 10% to about 33% of the stroke 
effect on the steam consumption per indicated horse-: 
was very small, the curve being a straight line w’ 
ulight inclination upwards. It will be noted that me 
cal losses in the engine could not affect the results 
tained with the arrangement used. 

Mr. H. E. Longwell, in a contributed discussion. 
sidered that if lower values of clearance than 10% | 1! 
been used, a sudden rise of the steam consumption » 
have been noticed. He presented some curves sho® “2 
such an effect; a Corliss engine with 2%% clea: 
showed for small loads a much lower economy than a= ‘ 
valve engine of about 12% clearance. Mr. Suplee 
sented some indicator diagrams obtained by foreign «- 
perimenters showing a downward cusp in the compres 
line, indicating the beginning of condensation and °° 
of pressure. This shoWed too high a compression 


considered, and this might affect the economy. He c: ~! 
attention to the fact that the diagrams of Profe ' 
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owed, up to about 20% clearance, traces of 
arg cation effect in the form of a reverse curve 
ssion line. . 


se mentioned some experiments along the 
ose of Professor Kingsbury wh‘ch he had 
. years ago. He produced his varying 
rying the stroke by means of a wrist pin 
ck that could be shifted radially. He had 
ok effects similar to those brought out by 


rogram of the meeting was closed with 
retary Hutton, however, presented to the 
thony Victorin, of the Ordnance Depart- 
i some interesting facts to relate. 
PRESSURE FOR VERY GREAT LOADS. 
the support for certain disappearing guns, 
ssary to support a load of 800,000 Ibs. on a 
on a plane bed. To determine the data for 
these rockers, experiments were carried out 
ving manner. The rocker surface with a 
, ins. was made 12 ins. wide, and rested on a 
\2 ins. square and 8 to 12 ins. deep. The block 
’ different materials in different cases; cast- 
| and forged steel blocks were used. The 
1.es of both block and rocker were very care- 
|. Attachments for a micrometer were pro- 
ns. from the bearing surface on both rocker 
ziving a total distance between points of 5 
1ad was increased gradually to the full load of 
s00).000 at 400,000 Ibs. the compression by micro- 
about .0025-in., with forged or cast steel and 
, with cast iron. At 800,000 Ibs. the figures 
ast steel, .0089-in.; forged steel, .0037-in.; cast 
ao» (i7-in. With 10 repetitions of load, reducing to 
LD in each case, the material was found to be per- 
e, no permanent set being observed. 
irkable fact was noted, however, that on re- 
=.000 Ibs. the micrometer did not come back to 
went beyond it, giving a minus reading, and 


- 


as ~ an expansion. No explanation could be found for 
his This minus reading did not diminish even after 
allowing the apparatus to stand over night. 


rhe experiment was now varied by making the dis- 
al ween the micrometer points 10 ins.; the average 
ompression of .0040-in, for 5 ins. distance now became 
oosl-in., showing that the compression extended quite 
ough the material. Tests were then made of the motion 
ef the material laterally at points at varying distance 
» the bearing face. The results were about alike for 
ker and block. At small distances from the face 
» material showed motion away from the center, indi- 
iting lateral tension; the neutral surface was located at 
' 7.-in. distance from the bearing surface. At greater 
jistances than this the material showed motion toward the 
nier, indieating compression. 
To determine the bearing area, a sheet of paper was laid 
tween the carefully cleaned bearing faces. The paper 
vl an average thickness of .0012-in. The compressed 
st 0 afterward showed in the paper like a water mark; 
is was taken to be the actual bearing area. This bearing 
xtended across the face with slightly greater width 
at the edges than at the middle of the block, a result 
which might be expected. At 800,000-Ib. load this strip 
iad an average width of 1.8 ins. for forged or cast steel, 
ond 2 ins. for cast-iron. At the higher loads a further 
nteresting phenomenon was the occurrence of a greenish 
strip about 4-in. wide bordering the bearing strip on both 
sides for the full width of the block. This was taken to 
ol pressed into the paper; it showed that the sur- 
faces of the metal were to some extent porous and held 
small residual quantities of oil. 
lt was concluded from the experiments that the load 
templated would be safely carried on a width of 12 
by any one of the three materials tested. To de- 
termine more closely what degree of safety was involved 
the block and rocker were cut down to a width of 6 ins., 
d compression measured as before. The permanent 
{formation was observed to begin at a load of 550,000 
!bs.; at 800,000-Ib. load this set amounted to from .0020 
o %o2-in. for the different materials used. 
mmunication of Mr. Victorin was followed with 
creat interest by the members, the phenomenon of ex- 
sion which he appeared to have observed being con- 
red worthy of careful examination. It was suggested 
the measuring instrument used might have caused 
r to that extent, the condition being really the simple 
f perfect elasticity as observed. 
society, before adjourning, extended its thanks to the 
ttee on the standardization of engines and dynamos 
! the committee on pipe unions, which had presented 
e meeting their final reports on the subjects assigned 
‘hem. On motion of Mr. Gus. Henning, a vote of 
s was also extended to Mr. H. H. Camman, who 
secured for the society, without compensation, the 
‘iful services held in dedication of the Robert Fulton 
orial at Trinity Church. 
\djourning the meeting, the retiring president, Mr. 
Wellman, thanked the society for the honor con- 
! upon him by his selection for the high office he 
luring the year just past, and presented to the society 
w president, Mr. Edwin Reynolds. The latter, in a 
l-chosen words, returned Mr. Wellman’s laudatory 


remarks, and thanked the society for selecting him as its 
president. The meeting was then declared adjourned 
until the spring meeting, which will be held in Boston. 

RECEPTION AND ROBERT FULTON MEMORIAL. 

On Wednesday evening, Dec. 4, the retiring president 
and the president-elect received the members of the so- 
city in the ball room at Sherry’s, Fifth Ave. and 44th St 
The reception was the occasion of a splendid gathering 
of members and guests, which continued far into the 
night. The reception was followed by dancing, which 
brought even many of the older members of the society 
out upon the floor. Supper was served until 12, but the 
last of the guests did not leave until almost 3 o'clock in 
the morning. 

During the past year, a monument to Robert Fulton, in- 
ventor of the steamboat, was executed for the society and 
set in place in the churchyard of Trinity Church at the 
head of Wall St., on lower Broadway. The monument was 
formally unveiled on the afternoon of Thursday, Dec. 5, 
in connection with impressive services in old Trinity. The 
services were conducted by the Rev. Robert Fulton Crary, 
of Poughkeepsie, N. Y., a grandson of the inventor. Just 
before the commencement of the services, the society 
listened to addresses in Trinity Building, adjoining the 
church, by Rear-Admiral Melville and Prof. R. H. Thurs- 
ton. Mr. Melville sketched the life and history of Robert 
Fulton,bringing out his great service to mankind in his 
achievements connected with the perfection of the steam- 
boat, while Professor Thurston spoke in praise of Fulton 
as a man of wonderfully good character. Both addresses 
and services were graced by the presence of the venerable 
Chas. H. Haswell, first chief engineer of the Navy, who 
saw Fulton's first steamboat, the ‘‘Clermont,’’ and assisted 
in the production of his second war ship, the ‘‘Fulton II.” 

THE LARGEST GREENHOUSE IN THE WORLD. 
By Arthur C. Johnston,* M. E. 


The science of rose growing for commercial pur- 
poses has made rapid strides during the last 
few years, and enterprising florists, having ex- 


other side. The sash-bars are of novel form, and 
their cross-section, and-the method of securing 
the lights to them, are shown in Fig. 2. It will 
be observed that the glass is embedded in putty 
on the under side only, and that any water that 
should possibly leak between the bar and th: 
glass will be caught in the drip trough “a.” and 
be carried down to the eaves. The lights are 18 - 
24 ins., and the sash-bars are spaced 24%, ins. ¢ 
to c. The matter of giving the glass a span of 24 
ins. is somewhat of an innovation. The lights are 
held in place by two patent glazing points pet 
light, driven in such a way as to prevent the glass 
from moving, as is shown in Fig. 2. It will be no- 
ticed also, that the lights are overlapped by but 
1-16-in. It is a peculiar facet that the smaller 
the lap, the less liability there is of leakage be 

tween lights. This is, no doubt, due to the elimi 

nation of capillary action, on account of the re 

duced lap. 

The purlins are 244 1% \-in. angles, and 
have a clear span of S ft. They are secured to th 
posts by means of a small casting, which is bolted 
to the purlins and to a screwed cap on the top of 


the columns, All the columns are composed of 
pipes. The center row is of 2-in. pipe, the in 
termediate rows of 1%-in., and the outside rows 


of 1\4-in. pipe. The purlins next to the peak, and 
the foot of the ventilators are supported by in- 
clined struts from the center row of eolumns 
The ventilators are 8 ft. 8 ins. long. and they are 
spaced 10 ft. 4 ins. ¢. to ¢. so that there is an 
opening 4 ft. widé, and practically continuous 
from one end of the building to the other. The 
method of operating the ventilators is shown in 
Fig. 1. There are three hand-wheels for the en 
tire building, or ten ventilators on each machine 
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hausted every other means of obtaining a maxi- 
mum production from their plants, have turned 
their attention to securing the construction of 
greenhouses best adapted to their needs. The 
size of such greenhouses has been increasing 
to such an extent, that their design must eventu- 
ally become a matter of interest to engineers. As 
an interesting example of what has been done 
lately in this direction, the accompanying sketches 
show the construction of what is at present the 
largest greenhouse in the world., It was built at 
Edgely, Pa., in the summer of 1901, and is 307 
ft. long, 54 ft. wide, and has a capacity of 11,000 
plants. 

The requirements of a good greenhouse are as 
follows: It must be as large as possible, without 
an excessive ratio of length to width. The glass 
must be kept as far as possible from the plants, 
in order to avoid the excessive heat in summer 
and the cold in winter. There must be cubical 
capacity sufficient to insure an abundant supply 
of pure air. The most important requirement of 
all is that the form of building, and size of mem- 
bers, must be such as to cast a minimum of 
shadow within the house. With all other require- 
ments, it must be inexpensive. 

By referring to Fig. 1, it will be seen that the 
Edgely house has a peak roof with a pitch of 6 
ins. in 12, and that the width of the building is 
54 ft. This width was determined by the maxi- 
mum length of sash-bar obtainable, namely, 31 
and 32 ft. Accordingly, the 32-ft. bars are used 
on the ventilator side, and the 31-ft. bars on the 


*Bristol, Pa. 


ENHOUSE FOR ROSE CULTURE AT EDGLEY, PA. 


There is a small lip on the top sash of the ventila- 
tors which, when closed, overlaps the plate at 
the peak of the roof. This allows the drip to fall 
off, and thus prevent the sash from freezing shut 
in winter. 

For heating the house, a 3-in. steam line is car- 
ried down the middle row of columns, and this is 
tapped at the center of its length and at one end 
of the building, into the radiating pipes. There 
are 18 lines of these, 6 of which are suspended by 
wires from the intermediate rows of columns, and 
12 are carried along the outside rows of posts. The 
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Fig. 2. Details of Glazing of Edgley Greenhouse. 


latter are supported on roller hangers composed of 
a short piece of 4-in. pipe through which a wire 
nail is driven into the post. Each radiating pipe 
is controlled by a separate valve, except the lower 
lines along each side of the building, of which the 
bottom four are connected to one valve for each 
side. There is a total of 5,500 lineal feet of 14%4-in. 


pipe, and 310 ft. of 3-in. pipe, which gives a total" 


of 2,706 sq. ft. of radiating surface. This heat- 
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ing surface is expected to be capable of maintain- 
ing a temperature of 80° F. in the coldest weather. 
All the pipes are provided with brass expansion 
joints. 

At first glance this building seems to be ridicu- 
lously light for a permanent structure, but it must 
be remembered that the roof is never called upon 
to withstand any snow load on account of the 
heat inside, and as the dead weight is so small, 
the roof is therefore capable of resisting quite a 
heavy wind. It is in greatest danger, of course, 
from internal wind pressure, a condition that 
might easily occur if doors were left open on 
the windward side. The greenhouse as it stands 
shows a remarkable stability under winds of con- 
siderable force. There is no doubt that this ex- 
anmeple of greenhouse construction is but the fore- 
runner of much larger structures of this class. 


BOOK REVIEWS. 


HOUSE AND ROOF FRAMING.—By Owen B. Maginnis, 
author of ‘‘Bricklaying,’’ ‘“‘How to Join Moldings, 
Etc.,”’ etc. A practical treatise on the latest and best 
methods of laying out, framing and raising timber 
houses on the balloon principle; together with a com- 
plete and easily understood system of roof framing. 
Published by Owen B. Maginnis, 310 W. 128th St., New 
York. Cloth, 7% x 10% ins.; pp. 96; illustrated. $1. 

This is a sixth edition of this book, revised to conform 

with the latest practice. With the assistance of illustra- 
tive drawings the author describes the various steps in 
framing and erecting timber houses after the so-called 
balloon-frame method, including in this the erection of 
dwelling houses, factories, timber grain elevators, etc. 
The second part relafes to the framing of the timbers in a 
brick house, fireproofing wooden floors, partitions and 
doors, and composite wood and iron construction. The 
last part deals with roof framing of various types. The 
text is the work of a carpenter rather than that of a pro- 
fessional maker of technical books; and as a consequence 
it contains many practical suggestions and methods that 
the less experienced man would probably have omitted. 

LESSONS IN PRACTICAL ELECTRICITY.—By C. Wal- 
ton Swoope. Cloth, 5x 7% ins.; pp. 462; 385 illus- 
trations, 2 plates, 32 tables. D. Van Nostrand Co., 
New York, N. Y. $2. 


The author of this work was, up to the time of his death 

a few weeks ago, instructor of applied electricity at fhe 

Spring Garden Institute, Philadelphia. To aid in teaching 

his large classes, a private edition of the present work was 

issued some five years ago. It is now published for wider 
distribution, for use as an elementary text-book on elec- 
tricity and for self-instruction. It is admirably adapted 
to these purposes. Beginning with a clear and simple ex- 
position of the phenomena of magnetism presented in the 
form of experiments, all of which are intended to be 
actually carried ouf by the student, it passes on to the 
consideration of the electric current and its connection 
with magnetic manifestations, leading up to the study of 
commercial forms of electrical machinery as applied to in- 
dustrial purposes. At all points the explanafion is made 
as clear and exact as can well be done, and all conclusions 
are definitely stated in rules set out from the explanatory 
part. It is especially gratifying to note the absence of any 
reference to phenomena of stafic electricity, a subject that 
in so many cases greatly retards full appreciation of elec- 
trical facts. No attempt, also, is made to treat alternat- 
ing currents in any way, and every page has for its clear 
purpose the inculeating of a thorough elemenfary compre- 
hension of the subject of direct current electrical prac- 
tice. The book seems better adapted to self-instruction 
as well as to class instruction in the field it claims fo cov- 
er than any other work we have seen. All formulas and 

rules are collected in the back of the book, followed by a 

series of tables required in the solution of the problems 

given in the book, a feature that will make the book valu- 
able to many who have progressed beyond ifs range in 
their study of the subject. 

THE ANTHRACITE COAL INDUSTRY: A Study of the 
Economic Conditions and Relations of the Co-opera- 
tive Forces in the Development of the Anthracite Coal 
Industry of Pennsylvania.—By Peter Roberts, Ph. D., 
with an introduction by W. G. Sumner, LL. D.., Pro- 
fessor of Political and Social Science in Yale Univer- 


sity. New York: The Macmillan Co. Cloth: 6 x 8% 
ins.; pp. 267; illustrated. $3.50. 


In this work the author deals purely with the economic 
features of the anthracite coal industry, though he firs: 
describes the deposits, their development and the methods 
of working the coal beds. The chief points discussed 
are: Capitalization, transportation, mine management and 
inspection, employes and wages, incidental profits of 
operators, accidents, strikes, unionism and reclamation ot 
wastes. This Pennsylvania coal region covers about 1,700 
square miles of territory, and furnishes employment to 
140,000 people; and in this field the author has had ex- 
ceptional opportunities for studying the topics here 
handled. As a result we have under each of the above 
broad heads a very large mass of detail that fs of great 
importance and value to those engaged in this industry, 
both from an historical point of view and that of the 


operator of to-day. He illustrates by actual figures in- 
telligently arranged, and from these figures and his own 
observations he deduces his conclusions. His last chapter 
sums up his ideas upon the conditic.s of peace and pros- 
perity to both capital and to labor. The author broadly ap- 
proves of the capitalistic system, or trusts as the latest pro- 
duct of civilization—provided that this vast capital is hon- 
estly and intelligently handled and used in introducing 
better system and discipline into the coa] industry. He gen- 
erally approves of organized labor, as labor needs the 
advantages and benefits derived from organization. But 
he also believes that there should be a better and more 
intelligent understanding between capital and labor; dis- 
putes should be settled by boards of conciliation, and 
labor should be made to feel that it is something more 
than a commodity and is actually a partner in the work 
of production. He tells the laborer that, under modern 
economic conditions, he cannot expect full pay for halt- 
work, nor can he look for a praradise where all the 
necessaries of life are provided without work. In dealing 
with the foreign labor element—the most unreasoning anda 
dangerous in the coal regions—the author sees no other 
remedy than patience and a better education for the 
young, physical, mental and moral. And, finally, in re- 
gard to the great inequality in the distribution of wealth, 
so often complained of, he points out that the true differ- 
ence between the miner and the capitalist is one of quan- 
tity and not quality. The principle regulating the profit 
is the same in both cases, but one deals with hundreds 
where the other handles millions. 


A NEW BOILER BLOW-OFF VALVE. 


The design of a boiler blow-off valve or cock 
which shall always be tight when closed and never 
give trouble in epening or closing, is one which 
has balked many engineers. From its position 
the blow-off valve is exposed to scale, sediment, 
grit and everything which is naturally expected 
to cause valves and cocks to leak and stick. But 
a leaky blow-off valve is not only wasteful but 
dangerous, for the loss of water, while the boiler is 
shut down and the fires are banked may proceed 
to a serious extent. Still more serious is the pre- 
dicament of the engineer who opens the blow-off 
cock, and when he attempts to shut it finds that 
a piece of scale has lodged on the seat; or if it is 
a cock it may stick, as cocks are prone to do, and 
the handle may break off when it is half-open or 
closed. These things make many engineers loth 
to use the blow-off except as necessity compels, 
and they allow boilers to accumulate scale by 
blowing-off at too long intervals. 

A blow-off valve designed to obviate these de- 
fects has been designed by the Lunkenheimer Co., 
and is shown in vertical section in the aecompany- 
ing cut. The main feature of the valve is the use 
of an auxiliary steam supply which blows the 
bearing surface clean as the main valve ap- 
proaches its seat. The construction and operation 
of the valve are described as follows by the manu- 
facturers: 


The steam inlet A connects with an annular passage C. 
The iron body of the valve has a brass casing D with a 
circular slot J cut into 
its side just below the 
level of the seat E. 
This casing D is held 
in place in the valve 
body by the seat ring 
E screwing over it, 
both of which are re- 
movable at any time 
for repairs or replace- 
ment. The opening A 
is connected to the 
steam space of the 
boiler and a suitable 
valve interposed. The 
object of this steam 
inlet A is to admit 
steam to C and J, and 
discharging from the 
latter blows across the 
seat, which will clean 
off any scale or sedi- 
ment that may have 
accumulated on it, so 
that the disk and seat 
bearing, when in con- 
tact, will be perfectly 
clean, 

To close the valve, 
the disk is screwed 
down in the usual 
manner. As it ap- 
proaches the level of 
the inlet the edge of 
the disk passing the 
lower edge of the cas- 
ing D cuts off a great 
deal of the flow of 
water, sediment, etc. 
At this time the valve in the steam pipe leading 
to inlet A should be opened and the steam ad- 
mitted to the annular space C, from whence it passes 
through slot J and blows off the entire surface of the 
seat E. In the meantime the disk is being screwed home 
to the seat, which cuts off the flow of steam from jnlet A 
as well as the blow-off from the boiler, 


It will be seen further that the a 
ble, so that when one bearing fac. 
other can be used. The seating-fac; 
are Babbitt metal filled into dove-ta 
faced off; and when these seats are 
the old metal can be melted out, th: 
filled and faced anew. The plug RB ; : 
to be introduced to clean out the | sieges 
back of the valve when it becomes Sie 
mud and scale. 


A BONUS SYSTEM OF REWARDING | 


At the annual meeting last week of 
can Society of Mechanical Engineer; il re 
port of which is given elsewhere in ; sue, a 
paper was read by Mr. H. L.-Gantt, 
hem Steel Co., describing a system ; 
into practice there for securing more «: 
cheaper work, and at the same time in 
output of the shop. The methods «; 
work, and the results obtained throu. 
tem, as described in the paper and i: 
remarks contributed by Mr. Fred. w 
others, are remarkable, and aroused ¢)-., 
among the members. As they will prob 
of equal interest to wider engineering | 
give below a comprehensive abstract of +) 
and the discussion upon it: 
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The system described in -this paper has 
introduced by the writer into the large mach): 
the Bethlehem Steel Company, and has met 
qualified success. It is an attempt at harm»: 
interests of the employer and employee, and 
affords substantial justice to the employee, ri 
he shall always conform to the best interests of 
ployer. That it accomplishes such a result, at |; 
measure, is shown by the fact that it has caused a com- 
plete change in the whole atmosphere of a shop. not- 
withstanding the fact that it has been in operat 
a few months only. 

DESCRIPTION OF SYSTEM. 

A card is made out, showing in detail the best method 
(so far as our present knowledge goes on the subject) of 
performing each of the elementary operations on any 
piece of work, specifying the tools to be used, and s tting 
the time needed for each of these operations as deter- 
mined by experiments. The sum of these times is the 
total time needed to complete the piece of work. If the 
man follows his instructions, and accomplishes al! the 
work laid out for him, as constituting his proper task for 
the day, he is paid a definite bonus in addition to the 
day rate which he always gets. If, however, at the end 
of the day, he has failed to accomplish all of the work 
laid out, he does not get his bonus, but simply his day 
rate. If he finds any operation which cannot be done in 
the time set, he must at once report it to his foreman 
If on careful investigation by the man making out the card 
the workman's statement is found to be correct—that a 
portion of the task can not be done in the time stated 
on the card—a new instruction card is made out, explain- 
ing the proper method of working, and allowing the 
proper time. It is of the greatest possible importance for 
the moral effect upon the men that errors in making out 
instruction cards should be as few as possible. A man 
must be allowed time only for what is stated on his card, 
and while a reasonable time must be allowed for each 
operation, he should fail to receive his bonus if time is 
lost fromi any cause whatever. (The foremen also re- 
ceive, in addition to their day wages, compensation pro- 
portional to the number of their men who earn a bonus, 
and an extra compensation if all of their men earn their 
bonuses.) 

It will be seen at once that this method is really a 
system of education, with prizes for those who learn, and 
the results already obtained bear out this idea of educa- 
tion most fully, for under it men have learned more in a 
few months than they ever did before in years. 

A careful consideration of the system will show that, 
while it is not a system of piece work, it has many of the 
advantages of differential piece work, by which I mean 
that the compensation is quite large for the mucimum 
amount of work oblainable, and quite small for any/hind 
less than this amount, For instance, if a man docs al! 
that is asked of him, which must always be possib): 5 
gets a large extra reward; but he gets no reward, °x °°) 
his ordinary day rate, if he falls short of this amount 
The extra bonus which the bosses earn when al! of ‘helr 
men perform the maximum amount of work is a strong 
inducement to make them teach their inferior men. 

DEVELOPMENT OF THE SYSTEM. 

This system is, so far as the writer is aware, a new ©'°, 
but is based on the principles of Mr. Fred. W. Tay! '5 
system of elementary rate fixing,* and is as far as p°®- 
sible removed from the old fashioned method of fix'"¢ 
piece rates from records of the total time it has taken 
to do a job. It possesses 4a advantage over direct piece 


*Engineering News, July 4, 1895. 
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js more flexible and can be introduced 
work and under conditions where piece work 


with gre? Af he impossible. While the men who are on 
proper woUr® )ly realize that they are not doing all they 
day work us pw are told that it is possible to do three 
can do, \ ye much as they are doing they simply do 
or four : and it is very difficult to make them 
not be! a piece rate founded on this basis; but 
ane addition to their day rate constantly held 
a seward ; will finally be striven for by some one, and 
obtained it others will try for it. 

when 0: 


get the information necessary to fix proper 
even to make out good instruction cards, 
cited amount of detail work is necessary. When 


In ore 


,wever, that any operation, no matter how 
a a can be resolved into a series of sinple opera- 
comp aye grasped the key to the solution of many 
ware a rhe logical method, therefore, of studying a 
— » operation is undoubtedly to study the simple 
par , f which it is composed, a thorough knowledge 
pee will always throw a great deal of light on the 
cperation. 

such study divides itself into three parts, as follows: 
(1) An analysis of the operation into its elements; (2) A 
study of these elements separately; (3) A synthesis, or 
putting together the results of our study. 

This is recognized at once as simply the ordinary scien- 
tife method of procedure when it is desired to make any 
ind of an investigation. It is well known to all that 
until this method was adopted science made practically 


no progress, and the writer believes that if it is desired to 
obtain the correct solution of any problem we must fol- 
low the well-beaten paths of scientific investigation, which 
alone have led to reliable results. The ordinary man, if 
left to himself, seldom performs any operation in the 
manner most economical, either of time or labor; it has 
been conclusively proven that even on ordinary day work 
a very decided advantage can be gained by giving the men 
instructions as to how to perform the work they are 
set to do. 

Mr. Fred. W. Taylor, who was the pioneer in this work 
of elementary rate fixing which involves complete de- 
tailed instructions, began to work on these lines in 1880, 
and soon became convinced that they were correct. He 
has fixed a large number of rates, all of which are lower 
than those usually paid, but as he takes care to furnish 
the best implements for doing the work, and insists that 
the work shall be done as he instructs, the good men al- 
ways make better wages than they can where they are 
allowed to do the work with the implements and in the 
manner they see fit. His piece rates, founded on careful 
investigation, and with an earnest attempt to do justice 
both to the employer and the employee, have produced 
not only a much greater output than any other method 
in the works where they have been introduced, but a 
much better feeling among the men toward their em- 
ployers. 

The scientific methed of investigation of the elements 
into which every operation may be divided is then evi- 
dently a satisfactory basis for fixing piece rates, and it 
should always be employed waenever it is desired that 
the rates shall be permanent. To analyze every job and 
to make out instructions as to how to perform each of the 
elementary operations requires a great deal of knowledge, 
much of which is very difficult to acquire; but the results 
obtained by this method of working are so great that the 
expenditure to acquire the knowledge is comparatively 
insignificant. Such instruction cards will seldom repre- 
sent the very best method of performing the work, but 
will usually represent a method far superior to that which 
the ordinary workman would employ, and if we can get 
the men to do the work as directed on these cards, we can 
very largely increase the efficiency of their work. This is 
a most obvious way of increasing our output when we 
have not sufficient information to make out permanent 
piece rates. To base a piece rate on such an instruction 
card, however, would be simply inviting trouble, as but 
few men could see that it was just to change a piece rate 
when we changed the method of doing the work. If, on 
the other hand, we allow the men their day rate and offer 
them a bonus or premium for doing the work in accord- 
ance with our instruction cards, they see at once that 
they will have nothing to lose by conforming to our 
wishes, and all to gain, with the result that they will in 
a short time make an effort to do the work in the manner 
and time set. We have found that there is practically no 
objection on the part of the men to a change of time on 
these cards, so long as the new time corresponds to a 
new set of instructions which will enable them to per- 
form the work in the time set. , 

APPLICATION OF INSTRUCTION CARDS TO A 

MACHINE SHOP. 

In order to make proper instruction cards for a machine 
shop doing a variety of work it is necessary to know the 
laws of the cutting of metals, as well as the time for 
handling work in this particular shop. The laws referred 
to are very complicated, but here again, Mr. Taylor 
has made such a start as te render it possible to deter- 
mine the best method and time for rough-machining steel. 
The results of his experiments on lathes were reduced to 
a slide rule by the writer for convenient use. This slide 
rule has been improved by Mr. Carl G. Barth, who has 


also extended it to planers, drill presses and slotters, and 
who made out slide rules for a number of machines in the 
large machine shop of the Bethlehem Steel Company. By 
means of these slide rules we can determine promptly 
the most economical feed and speed with which to per- 
form any operation on a piece of steel when the physical 
qualities of the steel are given. 

ROUTING.—The drawing first goes to an expert me- 
chanic, who has charge of what is known as the routing 
of the piece through the shop. He decides the order in 
which the various operations of turning, planing, slotting, 
drilling, etc., are to be done. In a shop doing a variety 
of work, too much stress cannot be laid on the routing, 
for, besides the advantage of knowing in the office the 
progress of the work, the saving made by performing the 
various operations in the best order is very great. This 
subject of routing is large enough to take up a paper 
by itself, so it can only be mentioned here. If the first 
operation to be performed is that of turning, the forging 
is assigned to the lathe best fitted for handling this par- 
ticular job. 

ANALYSIS.—The work to be done on the machine is 
then analyzed by a first-class machinst, who has been 
instructed in the use of the slide rule, and who makes 
out an instruction car? cn which the operations to be 
performed on this lathe are placed in the proper order, 
with proper instructions, the calculated time being given 
for performing each operation. The kind of tool to be 
used, the feed, and speed are specified for every machine 
operation. For every other operation, such as putting in 
and taking out work, laying out, changing feed gears, etc., 
instructions are given, and the time that each should take 
is placed directly opposite the description, in a column 
designed for that purpose. 

INSTRUCTION CARDS.—I show herewith a sample 
card for rough-turning a locomotive piston rod. This 
card represents instructions given to William Jones, 
whose boss is Thomas Smith, to do work on Forging No. 
14,653C4, Manufacturing Order No. 17,344, in Lathe No 
145, according to Standing Order No. 376. The hardness 
of the metal is represented by class 12. He must use 
tools made of ‘‘M E”’ steel, of the shapg designated in 
the column calling for shape of tool. The approximate 
depth of cut in turning is 3-16-in. ‘‘J’’ represents a 
combination of feed gears, and ‘‘2-BF’’ a cone speed which 
he must use. Opposite each operation are seen complete 
instructions giving the kind of tool, cut, feed, and speed 
that must be used in order to accomplish the work in 
the time set. The total time for turning and facing this 
forging is shown to be 42 minutes. At the bottom of this 
card is given, first its number, then the drawing number 
of the assembling sheet, if we have such a sheet; then the 
detail drawing for this particular piece, and next the date 
and signature of the man who made out the card. The 
note at the bottom, namely: ‘‘When machine cannot be 
run as ordered, speed boss must at once report to the 
man who signed this slip,’’ is put on in red ink and 
should be observed to the letter. 

Sample Instruction Card as Used in Machine Shop No. 2, 
Bethlehem Steel Co. 


Standing Order, 
376 


Class of Work, Order Number, 
Lathe. 


Forging No. 
14,653c¢ 4 
Speed Boss—Thos. Smith 
Time Time 


Machine No, Tool, 
5 ME 


Class of Metal, 
12 


Man‘s Name—William Jones. 


Shape work work 
Description of of should did 
operation. tool. Cut. Feed. Speed. take. take. Rate 
Face ...<.: >VM 40 
Turn half way..P RL J 12.0 
End for end 5.0 
mee Way -..:.F 120 
Remove from 
machine .. .. ..-. 2.5 


Instruction Card Sheet Drawing No. *B.S.Co. Drawing No. 
No. 43827. 26,627%4c. 
Month Day Year Signed 
6 1 1901 Buckley. 
When machine cannot be run as ordered, Speed Boss 


must at once report to man who signed this slip. 


THE BONUS FEATURE INTRODUCED INTO THE 
SYSTEM. 

This system of instruction cards was introduced by the 
writer into Machine Shop No. 2, of the Bethlehem Steel 
Company, in June, 1899, with markedly beneficial re- 
sults. An important difficulty remained, however. There 
was comparatively little difficulty in causing the men to 
perform the automatic operations according to the in- 
structions given, i. e., they would run their machines at 
the feed and speed called for, but the great difficulty was 
that it seemed impossible to prevent them from losing 
time between operations. No matter how efficiently the 
machines were run through their actual working time, 
the men found good excuses for taking more than the 
prescribed time on every job, and for wasting enough 
time to hold down the output of the shop very materially. 

To overcome this difficulty it was proposed by the writer 
that every man who succeeded in doing all the work called 
for by his instruction cards for a complete turn should 
receive a bonus, or premium. When this payment of a 
bonus went into effect, the amount of time wasted dimin- 
ished very rapidly, and soon a majority of the men on 


the machines were earning thelr bonuses regularly. In 
order to be sure that they got all the assistance possible 
from the foreman, he, too, received a definite premium 
for each machine under his eharge that made its bonus. 
In order that the poorer men might receive sufficient in- 
struction from the foreman, it was made to his interest to 
give them special attention; he was given an additional 
0 per cent. if all the machines under his charge earned 
their bonus, thus making it to his interest to give special 
attention to the men most likely to fall behind. 

Inasmuch as no bonus whatever is paid unless the men 
actually perform the work called for on their instruction 
cards in the time set, it is to the interests of the men to 
prevent accidents to the machines, and to avoid unnec- 
cessary delays, whether such delays are their own fault 
or the fault of other people. Among the results we have 
obtained are: (1) A very large increase in output, aver- 
aging from 200 to 300 per cent.; (2) A falling off in accl- 
dents and breakdowns; (3) A quickening of the intelligence 
of the men. 

For instance, men who could formerly do nothing for 
themselves, but were obliged to ask the foreman all kinds 
of questions, now find that they can do the work by ask- 
ing fewer questions, for if they spend a large proportion 
of their time hunting the foreman they lose their bonus. 
One man, for instance, who in three years had never 
learned to change the feed gears of his machine properly 
without the assistance of his foreman, lost his bonus 
three days in succession because they had not been prop- 
erly set. He at once learned to set them, and has had 
no difficulty from this cause since. 

BONUS SYSTEM vs, PIECE WORK. 

If we have a thorough knowledge of all the conditions, 
aud are able to introduce piece work, it is undoubtedly to 
be preferred; but we must remember that there is nothing 
so demoralizing as cutting piece rates. The difficulty of 
introducing a bonus system is far less than that of intro- 
ducing direct plece work, for if workmen, having secured 
to them their day wages, are given such instruction cards, 
and a considerable reward is held out to them for doing 
the work in the manner and time called for In the in- 
struction cards, they will gradually overcome their preju- 
dice against following instructions, and finally attempt 
to perform some of the operations in the time set. Having 
performed a few of these operations, and finding out that 
the card represents a fair and reasonable set of instruc- 
tions, they will, in a short while, conclude that they 
might as well have the extra pay, and gradually learn to 
follow the whole card. This has been the experience of 
the writer, and he was surprised to find out how quickly 
the men overcame their prejudice. Before the introduc- 
tion of the bonus men seldom complained to a foreman 
that they were being interfered with, but simply sat down 
and waited, and would sometimes wait for a crane by the 
hour. Now all are up in arms against anybody who does 
not serve them almost instantly. 

To make out instruction cards requires, as already 
stated, an amount of knowledge and experience that is 
seldom the possession of any one man. To obtain this in- 
formation requires a long series of detail observations 
and investigations with corresponding records, and even 
after having obtained a great deal of such information, 
most of our instruction cards will still fall far short of 
perfection. If subsequent to having made out a card for 
a certain job we have obtained more information on that 
job, and find an easier and quicker method of doing the 
work, our instruction cards may be made to conform 
to the new and better method, but only such items on 
the instruction card should be changed as are affected by 
this new and better method; no wholesale change in a 
card is allowable under any conditions. It must be pos- 
sible always to perform the individual elementary opera- 
tion in the time set, and when a man cannot do this, and 
the foreman cannot show him, the matter should at once 
be referred to the man making out the Instruction cards. 
This throws the responsibility for the success of the sys- 
tem on the man making out the instruction cards, who 
should not only be a good mechanic, but a man of the 
highest order of intelligence and integrity, for he prac- 
tically fixes the pay of the men and Is in a large degree 
responsible for the output of the shop. This is true, 
whether the instruction cards are made out for a bonus 
system or for piece work, and unless a proper man is 
selected to have charge of this work, the whole system, 
whether that of paying a bonus or plece work, will im- 
mediately fall into disrepute. 


EFFECT OF BONUS SYSTEM ON SHOP OUTPUT. 

During the year from March 1, 1900, to March 1, 1901, 
the machine shop was run day and night as harhkas the 
machines could be pushed by day work alone, and stil! 
the increasing output of the forge was piling up work 
ahead of it. It was at this juncture that the bonus system 
was put in operation. To realize what happened in the 
few months after the introduction of the bonus, It is, per- 
haps best to compare the shipments during those months 
with the average monthly shipments for the preceding 
year. I do rot feel at liberty to give the actual shipments, 
but if we represent by unity the average monthly output 
of the shop during the year from March 1, 1900, to March 
1, 1901, the following figures will represent the output 
for the five months succeeding the introduction of the: 
bonus system: 


¥ 
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Average shipments per month for year from 
March 1, 1%), to March 1, 1001. ........ 


April, 
“ June, Jone 1.98 
2. 


17 

The bulk of the above shipments consisted of rough- 
machined forgings, and before the end of July the ma- 
chine shop had caught up to the forge so closely that 
there was not enough work to keep all the machines run- 
ning day and night and a large number were shut down 
on the night turn. 


A NEEDED ADDITION, 


Although the results ag above pointed out are very 
far in excess of what was anticipated, the writer does not 
feel that we have yet taken advantage of all our oppor- 
tunities. As before stated, the system is one of educa- 
tion, with prizes for those who learn, but the prizes have 
so far been awarded for learning and doing only what our 
experts already knew. The next step is to make it to the 
interest of the men to learn more than their cards can 
teach them. So far nothing has been done in this line 
for the reason that no entirely satisfactory method has 
suggested itself. 

The writer believes in paying a liberal compensation for 
improved methods of work, and in offering special in- 
ducements to a workman to make out instruction cards, 
by which others are enabled to carry out his methods. 
The compensation should be sufficiently liberal not only 
to induce him to part with what information he may have, 
but to use his ingenuity to devjse better methods. 

If this can be properly carried out, the most difficult 
problem of the system—that of training men to make out 
instruction cards—will have been solved, and the sys- 
tem will not only become self-perpetuating, but will auto- 
matically pick out the men best suited to carry it forward. 

DISCUSSION, 

After some commendatory remarks by various speakers, 
Mr. F. A. Halsey brought up the question of the extent 
to which a system as described was applicable to the gen- 
eral machine shop, He pointed out that the work handled 
ut Bethlehem was all large work, for which the careful 
analysis and administration described would be econom- 
ically possible; that most of the work done there was 
roughing, practically no finishing being done; that the 
work was all on steel, and on material the composition 
and qualities of which were accurately known, it being 
all made on the ground. He questioned whether the sys- 
tem was applicable at all to a machine shop dealing with 
a variety of work, yet not producing large numbers of 
duplicate parts; the great amount of administrative and 
skilled work would introduce an element of cost that 
would require large resulting economies to make it pay 
for itself. With a variety of work as described such 
economies could not be attained. 

Mr. Buckley, who at the time the system was intro- 
duced was foreman in the machine shop referred to by 


Mr. Gantt, and who now js the head of the instruction and 
routing department in that shop, contributed a written 
discussion, in which he illustrated by a number of 


examples how a stupid and ignorant man may be brought 
to do very efficient work. As illustrating that a work- 
man’s guess was rarely as good as a skilled man’s analy- 
sis, he mentioned cases where workmen in good faith 
had asked to be permitted a trial of their own way of 
doing a job, and the request had been acceded to. In 
every case of this sort the man was unable to make the 
time that was reached by following the method of the 
instruction card. 

The discussion of the paper was interrupted at this 
point, as the society was compelled to adjourn to get 
downtown in time for the Fulton Memorial dedication 
services. The subject was taken up again at the opening 
of the session on Thursday evening, with remarks from 
Mr. Fred. W. Taylor elaborating on the history of the 
system at Bethlehem and the application generally of a 
selentific course of analysis of industrial operations to 
economize cost. 

Mr. Taylor stated that the paper of Mr. Gautt treated of 
two distinct matters which ought properly to be taken 
up separately. These are (1) the differential rate sys- 
tem, and (2) elementary rate fixing. The first mentioned 
was the development from the former, and its origination 
is due to Mr. Gantt. The second was begun, as Mr. Gantt 
stated in his paper, twenty years ago by Mr. Taylor and 
has since been applied by him in a great number of cases. 

As an extreme yet representative example of the analysis 
connected with the elementary rate fixing, Mr. Taylor 
instanced dirt shoveling. For some time past at Bethle- 
hem several men have been carefully studying this sub- 
ject with the help of stop watches. Shoveling was 
divided into three independent operations: pushing the 
shovel into the material, drawing it out again, throwing 
its load. The first mentioned operation will vary much 
with the kind of the material, the second varies but little, 
the third depends mainly on the load on the shovel. It 
was soon found that a strong and heavy shoveler did his 
best work with a load of 22 Ibs.; for the ordinary laborer, 
however, this figure was only 12 to 14 Ibs. Shovels were 
thereafter handed out to the men that would give a load 
of 22 Ibs. with the material te be handled. After a time 
piece rates were determined and placed so low that at the 
ordinary rate of work of a shoveling gang the laborer 
could not earn a day's wages, but at the rate that it was 


expected to attain they could earn more than they had 
been making. The results of this system were remarkable. 
At present 8 men do the work formerly done by about 400 
men, and these men earn $1.85 where thew formerly could 
earn only $1.15. The labor cost per ton, for instance, of 
loading certain material into cars is now 4 cts. where it 
formerly was 9 cts. Of course, as soon as the method 
was introduced men began dropping out; on the average 
only one in fifteen could stand the pace. But soon men 
began coming in from all over to do the work, men that 
were heavy and strong and were glad to have a chance to 
make 70 cts. more per day than they could earn elsewhere, 
The men are satisfied and happy at this rate; there are no 
drinkers, for drinkers could not stand the pace; all of 
them have money in the bank. Here a careful balance 
must be held not to pay them too much, they would other- 
wise become spendthrifts and soon be unfit for work. 

In applying any such system of elementary labor-control 
to a shop Mr. Taylor begins with the foreman; as there 
are not one-tenth enough good foremen to be had, he often 
used the expedient of splitting up the work among a 
number of men. In the shop where he has carried this 
to the farthest point yet reached, he has a speed boss, 
who controls tools, setting of machines, and speeds in 
general; a gang boss, who portions out the work and 
keeps the machine supplied with work and the machine 
fittings required to do that work, at least a day ahead of 
time; an inspector, who controls quality of work; a time 
boss, who has charge of times, costs, etc.; a repair boss, 
who has the care of the machines and tools; and lastly, 
the instruction department, which lays out the methods 
of work and draws up instruction cards. The shop also 
has a disciplinarian, who settles all disputes and quarrels 
between men and foremen. The speaker enlarged on the 
working of this scheme at some length; it brings about 
co-operation between the men and between the bosses, etc. 

The speaker still emphasized, however, that the in- 
struction and rate fixing department was the most im- 
portant element. This concentration of laying-out and 
planning in a single department, instead of letting each 
workman do it for himself, he considered essential to effi- 
ciency, aside from the fact that it is necessary for rate 
control. He said it bore the same relation to the adminis- 
trative side of the shop as did the drafting room to the 
mechanical side, and predicted that in twenty years every 
good shop would have a department of that sort and con- 
sider it as important as it now considers its drafting room, 

Following Mr. Taylor, Mr. M. P. Higgins said that the 
paper of Mr. Gantt was so advanced as to be in danger of 
rejection from that very cause; but, he continued, it is so 
thoroughly scientific and practical in its development and 
its results that it might truly be called epoch-making. 

Mr. J. M. Dodge stated that his concern had some years 
ago ‘Taylorized’’ their establishment. He had nothing 
but praise for the methods and results. They had made 
an addition: they charted their establishment, and in- 
cluded in this diagram not only the mechanical operations, 
but also the business methods. Nowadays, when any 
change is to be made, the chart is used as a guide, 


THE BURSTING OF SMALL CAST-IRON FLYWHEELS.* 
By Charles H. Benjamin,j M. Am. Soc. M. E. 


ir November, 1898, the writer read a papert before this 
society on the subject of small flywheels, detailing the 
results of some experiments made in the laboratories of 
the Case School. 

The discussion of the former paper and suggestions re- 
ceived from various engineers since its publication, have 
led to further experiments on wheels of peculiar design 
These experiments were all conducted under the immediate 
direction of the writer, and he was present at most of the 
destructive tests. 

The wheels numbered 1 to 9, inclusive, were tested dur- 
ing the winter of 1899-1900 by senior students Messrs. 
Clyne and Miihlhduser; while those numbered 10 to 16 
were tested during the present year by Messrs. Austin, 
Mills and Stanford, instructors in the school. The wheels 
were all of cast iron, 24 ins. in diameter, with proportions 
copied from existing wheels. The general method of 
testing was similar to that used in the former experiments, 
but new apparatus was designed and built for greater con- 
venience and safety. 

Former tests had shown the insecurity of a wooden 
shield or cage for the bursting wheels. Fig. 1 shows the 
form of shield used in the later experiments. A cast-steel 
ring 36 ins. in diameter inside, and having a rim section 
4 6 ins. was enclosed and supported by a wooden frame- 
work, the front and back being of oak plank, 3 ins. thick. 
To absorb the energy of the flying fragments a sectional 
lining of Norway pine was used, as this could be easily 
repaired and renewed after each test. During the 16 ex- 
periments recorded but one wheel managed to escape 
from the shield, and this was due to the breaking of the 
bolts confining the side planking. 

The wheels were keyed fo the overhanging end of a steel 
shaft, 1’/;_ ins. in diameter, running in a long bronze 
bushing and coupled loosely to a Dow steam turbine. 


*A paper read before the American Society of Mechan- 
ical Engineers. 

*Professor of Mechanical Engineering, Case Scientific 
School, Cleveland, O, 

tEngineering News, Dec. 1, 1898. 
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a loop, fastened at each end to the rim with a Results of Running Small Cast-Iron Flywheels at Bursting Speed 
tal Centrifugal 
put, and passing spirally around the hub in a Rim \-—-Arms-—, Weight —Burstingspeed— —fension 
= for that purpose. By tightening up the nuts Diam- Section of Revolu- Pounds Total 
‘the wheel could be accurately centered and of Breadth, area, tions Feet per on 
y 1. ns. ins. ns. sq. 8. No 8q.ins per min. per se sq. in. rim 
ction caused at the hub to prevent slipping. 60 4.06 0.85 97.2 3,700 387 14.980 59,000 
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ver sq. in., and is probably the maximum speed 4 400 3.73 6 0.95 1 193.6 14,000 
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This corresponds to an increase of nearly 100% in the 
<treneth of the joint. If the fie rods had been more care- 
fully designed and constructed, a greater speed could have 


so small as to be negligible. 
Jointing the arms at the rim and bracing the rim by in- 
ternal webs have no important effect on the strength 


Fig. 3. 


Fig. 6. Fig. 7. 
FIGS. 2 TO 9. VARIOUS WHEELS 


heen attained. The ties broke through the bolt holes at 
ne or both ends, the bolts remaining intact with but one 
exception. 
Wheels Nos. 18 and 14 were of peculiar construction, 
may be seen from Fig. 8. The rim of each was cast 
one piece, while the hub and arms formed a spider, 
o in one casting. The arms were jointed to the in- 
‘ernal flanges of the rim by %-in. steel bolts, giving some 
l-gree of freedom. The object of this construction was 
‘wofold: (1) To relieve the bending moment at the junc- 
‘ion of the arm and rim. (2) By concentrating more 
weight near the arms to stretch these latter and thus re- 
eve the bending moments in the rim midway between the 
arms, 
These two wheels burst at 3,650 and 3,850 revs. per min., 
r an average rim ‘speed of 392 ft. per second. Compar- 
vg these figures with those given for wheels Nos. 1 and 
2, we find that the speeds are practically the same. There 
: no apparent advantage in the special construction just 
leseribed over the ordinary method of casting the spokes 
ind hub with the rim. Fig. 8 shows the appearance of 
wheel No. 13 after rupture. The arms all broke at the 
‘ye near the rim, the bolts not being injured. Only one 
web was fractured. 
Wheels Nos. 15 and 16 were also of special construction, 
is seen in Fig. 9. The hub and arms were cast together 
s a spider and bolted to pads on the rim. The fwo joints 
. the rim came over arms, and the rim between the arms 
was reinforced by elliptic webs. The construction is a 
light modification of that suggested by Mr. A. J. Frith, 


Fig 8. Fig. 9. 
USED IN BURSTING SPEED TESTS. 


Joints in the rims are the principal source of weakness, 
especially if located between the arms. Probably no joint 
can be made for a rim of solid cross-section which will be 
more than one-thrid as strong as the rim itself. Hollow 
rims will permit of a much more efficient joint, as has 
been shown by Mr. John Fritz in“ his paper, read at the 
meeting of this society in May, 1899. The joints in Mr. 
Fritz’s wheel are practically as strong as the rest of the 
rim. This construction is hardly possible in wide-faced 
band wheels such as are used on most shop engines. 
Joints similar to those shown in Fig. 14 are probably the 
best that can be devised for this type of wheel. If joints 
are located midway between the arms they should be rein- 
forced by tie rods leading to the hub. 

The English wheels Nos. 8 and 9, show clearly the ad, 
vantage of numerous arms on any type of wheel. Even if 
the rims were jointed, such wheels would prove their su- 
periority to those with the ordinary arms in maintaining 
their shape at high speed. 


CLEANING THE DISTRIBUTING RESERVOIRS OF THE 
WATER-WORKS OF BURLINGTON, VT. 
By F. H. Crandall, C. E.* 


The low service distributing reservoirs of the 
water-works of Burlington, Vt., two in number, 
are earthwork, partly in excavation and partly in 


*Superintendent Water-Works, Burlington, Vt. 


and bottom, on a cleanly-washed reef, where, at 
low water, the depth is about 30 ft. As might bs 
expected, water from such a source contains but 
little sediment. The accumulations of six months, 
however, amount to a perceptible coating of very 
fine silty matter. This coating is augmented by 
dust from the adjacent turnpike, and the leaves.* 
pollen, and other matter spread by the winds upon 
the water. Such dust, insects, organic matter and 
other debris, as will remain on the surface and 
accumulate at or near the shore, is skimmed off 
from day to day before its presence can become 
an eyesore or annoyance. 

Twice each year, in the spring and late fall, the 
basins are emptied and thoroughly scrubbed. The 
spring cleaning is usually delayed until after the 
so-called fishy taste is noted. The average daily 
consumption being only 750,000 gallons, it is pos 
sible, without seriously impairing the fire protec- 
tive efficiency of the works, to do without either 
of the basins for a sufficient length of time to per- 
mit cleaning. 

For cleaning, fire streams, under high servic: 
pressure (about 40 lbs.) have been tried. <A 2 
in. fire hose was laid from a nearby hydrant into 
an empty basin, and the scouring effect of a %4-in 
stream tested. It was found sufficient to do con- 
siderable damage, when accidentally misdirected, 
to accomplish good results when properly applied 
to a wet surface; and to work most unsatisfac- 
torily where the surface had become dry, or par- 
tially dry, before the scouring was attempted. The 
conclusion reached was that the water pressure 
method afforded no advantage, either in economy 
of time or money, over that of muscular pressure 
Fire hose being expensive, and water in the high 
service at times scarce, the method gave place to 
that of following the water down with rattan 
brooms. 

Working with push brooms on a raft submerged 
about 6 ins., it is possible to thoroughly scrub 
about 31% ft, of slope. By attacking the surface 
with an abundance of water, before it has had 
a chance to dry, a uniformly thorough job is se- 
cured. A raft about 2 ft. in width, built on two 
cleats, one at either end, is kept off the slope 
about 1 ft., by having the cleats project towards 
the shore. 

Additional facility for spreading water over the 
portion about to be scrubbed, is secured by sinking 
the raft a few inches. The raft is held in position 
by a man, standing on the bank opposite the mid- 
dle of the raft, holding taut ropes made fast to 
each end. To preclude the possibility of the raft 
slipping from the slope, and permitting a scrubber 
to drop into the reservoir, between raft and slope, 
the ropes from either end of the raft are tied to- 
gether at the right length, one first having been 
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passed through the straight way of a l1-in. ‘‘T’ 
at the top of a 1-in. pipe post, the pointed end of 
which is driven into the ground at each tying-up 
place. As the water recedes the rope is length- 
ened. 

A cleaning gang consists of one tender and two 
or more scrubbers, the number of the latter de- 
pending on the rapidity with which the water is 
being discharged from the reservoir. When con- 
tinued scrubbing fails to produce the desired 
cleansing effect, an iron scraper is resorted to. 
Standing with one foot on the raft, and one above 
on the slope, an excellent opportunity is afforded 
for wielding a push broom. 

To insure good results, however, there must be 
no doubt in the mind of the man behind the 
broom, as to the stability of the raft. When the 
bottom is reached, constant commotion and re- 
peated rinsings are necessary. The wind, if in the 
right direction, toward the outlet, will do the work 
of several men, 

At this stage of the work, one is reminded of the 
western farmer, who offered to sell a hotel man 
frogs by the carload, but on draining his frog 
pond was surprised to find less than a peck. Frogs 
are always present, no matter how recently or fre- 
quently the pond may have been cleaned. Fre- 
quently minnows are found, and occasionally a 
small perch. 


THE MEXICAN TRIP OF THE AMERICAN INSTITUTE OF 
MINING ENGINEERS. 
(Editorial Correspondence.—Concluded from p. 439.) 

My last letter, written on the train, ended with our ap- 
proach to Monterey. The first section reached there at 
noon, four hours’ behind the scheduled time, and the sec- 
ond section three hours’ later, consequently our program 
for the day was somewhat curtailed. On the arrival of 
each section, a special train took the party to the Monterey 
plant of the American Smelting & Refining Co., which is 
said to be the only place in Mexico where fine gold and 
silver are produced. The Parkes and Moebius processes 
are used in the refining. The silver is electrically de- 
posited in a granulated form on a moving belt, and samples 
of it, contained in small vials wired to a printed card were 
given to each visitor for a souvenir. 

After a rather hurried visit to these works, the party 
was taken to the new iron and steel works of La Com- 
pania Fundidora de Fierro y Acero de Monterey. This 
is a large and thoroughly modern plant, now under con- 
struction, built under the supervision of William White, 
Jr., consulting engineer, of Pittsburg. It comprises a 
blast furnace 835 x 18 ft., of an estimated capacity of 400 
tons per day, with a full equipment of Babcock & Wilcox 
boilers, fire-brick hot-blast stoves, inclined plane hoist, 
automatic charging apparatus, etc., and provision for three 
additional furnaces of the same size; also an open-hearth 
steel] works, with three 40-ton furnaces, a blooming mill, a 
rail mill and a structural steel mill, and a large foun- 
dry with three cupolas and an air furnace, and a machine 
shop, both equipped with electric cranes and a full out- 
fit of modern tools and appliances. The drawing here- 
with given is a ground plan of the works, the portion 
shown in full lines being either finished or rapidly ap- 
proaching completion, and the dotted lines showing pro- 
jected extensions. It is proposed to add a Bessemer steel 
plant to the works as soon as the market for steel pro- 
ducts shall justify its erection. It is the intent'on to make 
in these works every shape of iron and steel casting, forg- 
ing or structural steel that is used on a railway. No ex- 
pense has been spared in the construction of these works, 
and there is said to be ample working capital available to 
insure their successful operation. The situation is an 
excellent one, a high level plateau, raised 40 ft. or more 
above an extensive meadow, which gives abundant room 
for slag dumping. Ample supplies of ore and coking coa! 
for the works are said to be available at different points 
within 100 miles. 

To the outsider the one doubtful point in regard to these 
works is the extent of the market for its products, but 
this should increase rapidly from year to year; and given 
plenty of capital, a good supply of patience and energetic 
management, there is every reason to believe that the 
works will be highly successful, and a most important ad- 
dition to the industries of Mexico. 

In the evening the visitors were entertained at a ball 
given in the Juarez Theatre, which was attended by the 
Governor of the State of Nueva Leon and his staff. 

The next day a special train took the party a few miles 
out of town to visit the Diente and Zaragoza mines of 
the Monterey Lead Co. These mines are located in the 
sides of a precipitous canyon. From the mouths of two 
tunnels, high up the mountain side, aerial wire-rope 
tramways, one spanning 1,500 ft. and the other 1,800 ft., 
bring the ore down to the railway station. A steep in- 
clined plane is being built to another mine close by. The 
chief features of this trip were the walks into the narrow 
gorge to view the magnificent rocky peaks by which it is 
surrounded, and the fine luncheon and speechmaking. 


In the afternoon the train returned to the city and a 
professional session fcr reading and discussion of papers 
was held in the Governor’s Palace. 

The first paper was entitled ‘‘The Coal Fields of Las 
Esperanzas, Coahuila, Mexico,’ by Edwin Ludlow, of 
Baroteran, Mex., the manager of the mines. The coal in 
these mines is a soft bitmuminous coking coal of good 
quality. Analysis from commercial shipments of lump 
coal to the Guggenheim smelter at Monterey give: Mols- 
ture, 2.0; volatile matter, 20.5; fixed carbon, 67.7; ash, 
9.8. The vein is very regular, 8 ft. in thickness, of which 
6 ft. 10 ins. is coal and 14 ins. impurities. The present 
output is about 1,200 tons per day. The paper says: 


These mines should be of great assistance to all steam 
or coke users in the Republic, especially in the northern 
part, as they will furnish a fuel not only cheaper than 
the imported article, but also having the very great ad- 
vantage of being supplied in regular quantities as may be 
needed, thus enabling consumers to avoid the carrying of 
large stocks, as is now necessary when importations by 
vessels are depended upon. 

The present output of about 1,200 tons per day is sold 
to railroads and steam users throughout the Republic, 
principally, however, in the northern part. In the south- 
ern end we meet a strong competition from West Vir- 
ginia coal, coming by water to Tampico and Vera Cruz. 
The development that has been made on this property in 
the last two years should convince anyone examining the 
plant that the earlier statements that ‘‘there was no coal 
in Mexico’’ are not borne out; that there is enough good 
coal in sight to meet all reasonable demands of steam 
users; and that fuel for that purpose, and at a reason- 
able price, is no longer one of the difficult problems for a 
projected industrial enterprise to solve. 


One of the most interesting parts of Mr. Ludlow’s pa- 


per relates to the Mexican labor question. We quote a few 
extracts: 


The labor problem has “‘stayed with us’’ ever since we 
began and will always be a hard one, where work re- 
quiring a large number of men is laid out in Mexico. We 
have tried all kinds of importations—American miners, 


habits, and fifth, the awakening of the am: 
laboring class to earn good wages, and to aba 


ets, sandals, and the miserable huts in w» — 
them live, and to adopt good clothing, sho. 
and cooking stoves, increasing their consy, Ph 
and causing a demand for all the products , oe 
proved methods of industry. Here jn Mexic; 
civilizations, side by side, that of the 20th .. _—— 
its trolley cars, electric light, modern arc): 
niture and dress, and that of Central Asia ,, po 
same to-day as two thousand years ago, ‘2 ; thine 
huts and blankets. Another generation in Mex pi 
the disappearance of the latter and the con Drsig 
lishment of the former. ii — 
In the evening there was a military band con = 4 
Place Zaragoza, and a dance in the beautiful 
the Casino. 
At 2 a. m. Wednesday we left Monterey, av | n 
morning found us at Baroteran, whence one of fe 5 
took the whole party to the coal mines at Es nee 
which were described in. Mr. Ludlow’s paper, pis. 
taken into the mines on mule cars and then des ric 
foot into the workings. We also saw the lony j..+... 
of beehive coke ovens, 220 in number, in whic! os 
good grade of 72-hour coke is made, the analys| a. on 
by the Guggenheim smelter being moisture, 65 y latins 
matter, 0.9; fixed carbon 83.9; ash, 14.7; sulp ry 


Coke made from washed coal Bave moisture, 

matter, 1.4; fixed carbon, 87.3; ash, 11.3. The coal W no 
has been recently introduced, and is designed to bana 
1,200 tons per day. Better results than those preeee ei 
the above analysis are expected after more experience : 
gained in its operation. - i 


In the afternoon our trains left Baroteran, and at 


reached Eagle Pass, Texas. The customs officials pest 
met us several miles before we crossed the border nai 
collected the duties on our drawn work, surprising most 
of us by figuring the duties lower than we expected, Even 
an Englishman who was one of our party said ‘Un le Sar 
is all right.’ 


PLAN OF THE WORKS OF THE MONTEREY IRON & STEEL CO., MONTEREY, MEXICO. 
(Scale 1 inch = 400 ft.) 


DESCRIPTION. 
A A2 A3 A4 Blast Furnaces. H Roughing Mill P Machine Shop. 
B Stock House. JJ Reheating Furnaces. Q Electric Power House. 
C Cl Blowing Engine. KKK Boilers. R Plate Mill. 
D Open Hearth, L Finishing Mill. s Forge Shop. 
E Soaking Pits. M Finishing Dept. T Warehouse. 
F Blooming Mill. N Gas Producers. U Oil House. 
G Shear. Foundry. Vv Standpipe. 


negroes, Japanese, Chinese and Italians—and the present 
remnants of these experiments make up a truly cosmopoli- 
tan population. 

A study of the different results in the same mine, from 
the various classes of miners, gives the following average 
in number of tons per day, loaded in pit-cars: American 


(good miners), 10; negroes (good miners), 8; Italian (fair. 


miners), 6; Japanese (fair miners), 5; Mexican (green), 2; 
and Chinese, 4 tons per day. 

As 90% of our labor is Mexican, it can easily be seen 
what a large population and what extensive openings are 
required to produce 2,000 tons per day. 

The boys are our strong hope. They work better and 
more steadily than the men; and, growing up to a daily 
routine of occupation, they will make better workmen 
than their fathers, who come to the mines from the inter- 
mnittent working life of the farm or ranch. There has 
been also a marked improvement in some of the men. 
Many who came here when work was first started, wear- 
ing blankets and sandals, now dress in good style, wear- 
ing shoes, often of ‘American make; and the sale of Ameri- 
can furniture and cooking stoves is constantly increasing. 

As hoisting engineers and helpers in the machine shop, 
we have found the natives good, where the work is laid 
out for them; but they lack initiative in taking hold in 
case of any breakdown; and it is necessary to keep Ameri- 
can foremen in nearly every department. As mechanics, 
carpenters and blacksmiths, we are always able to get 
Mexicans competent to do any work laid out for them. 

The whole problem of Mexico's future industrial and so- 
cial development is brought before us by these words of 
Mr. Ludlow. What Mexico needs is first, a strong and 
just government, giving protection to life and to property, 
and this she has now had for many years under President 
Diaz. Second, the introduction of American capital and 
industrial managemeni, of which we have seen so many 
notable examples. Third, the opening of coal mines and 
the building of steel works, which is now taking place, 
giving an opportunity for the Mexican peon class to be- 
come skilled laborers, as far as their natural ability will 
permit. Fourth, the education of the boys in industrious 


We traveled all the following day and night through 
Texas and Louisiana, reaching New Orleans early in the 
morning of Friday, Nov. 29. On Thursday afternoon the 
second section was run a few miles off the main line to 
visit the oil fields at Beaumont, Texas, where we saw the 
forest of oil well rigs at that famous place, but the 
“‘gushers’’ had all been piped, and but little oil was run- 
ning to waste. 

On Friday we had the whole morning to visit New Orleans, 
and left at noon for Chicago. The most rapid run of our 
trip was now made, and we arrived in Chicago at 2 p.m. on 
Saturday, an hour ahead of our scheduled time. Here we 
dropped the second section of our train. The first section 
left Chicago at 6 p. m. and made a slow run to Pittsburg, 
losing five hours, and then a fast run, gaining half an hour 
on limited train time, to Jersey City, which we reached at 
11 p. m. 

A pleasant incident of the trip on Friday evening was 
the presentation of some pieces of fine old creole silver- 
ware, purchased in New Orleans, to Mr. Theodore Dwight, 
assisstant secretary of the Institute, who had planned and 
managed our whole excursion, and to Mr. E. W. Parker, 
who managed the second section. 

We traveled nearly 9,000 miles, and reached New York 
without accident, and with a higher average of health than 
when we started on the trip a month ago. Our thanks 
are due especially to our President, Mr. E. E. Olcott, 
whose knowledge of Spanish, and whose wide acquaint- 
ance in Mexico proved of invaluable service to our party. 
to Mr. Dwight for his splendid management, and to the 
hundreds of Mexican officials, engineers, superintendents 
of works, etc., who were unbounded in their hospitality, 
and did everything that men could do to make this trip 
of the Institute the grandest it has ever taken. W. K. 
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